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National Science Foundation had not only initiated the plans for the international undertaking of the AGK3 but 
had also called attention to the importance of astrometry in astronomical research. 
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The following acted as chairmen of sessions: 
P. Herget, H. L. Alden, J. H. Oort, A. N. Vyssotsky, A. A. Nemiro, and K. Aa. Strand. 


The papers appear in the order of their presentation and are followed by their discussions. The last session o 
the conference on May 21, was devoted to discussions of the following resolutions. 


|. ASTROMETRIC CONFERENCE 169 


Resolutions 
| 


1. The existence of a fundamental system of positions and proper motions of southern stars is almost entirely to 
‘the credit of the Royal Observatory at the Cape of Good Hope. In addition, this Observatory has accomplished 
| extensive programs of photographic and other astrometric work. The Conference urges that work along these lines 
/at this Observatory be continued and expanded if possible. 

| The resolution was adopted with no dissenting vote and with one abstention. 


| 2. The Conference considers as urgent the intensification of astrometric observations in the southern hemisphere, 

/ especially the absolute determination of fundamental star positions, the differential determination of positions of 

i faint reference stars, and the determination of absolute proper motions by reference to distant galaxies, and 
therefore recommends: 


(a) That the resources of the Sydney Observatory be increased to enable it to take an even greater part in the 
preparation of catalogues by photography, and the derivation of proper motions. 


_ (b) That the Perth Observatory be enabled to modernize its meridian circle and other astrometric equipment, 
| ; and that its staff be increased so that an effective contribution to fundamental astrometric programs can 
| be made. 


(c) That the Academy of Sciences of the U.S.S.R. proceed with its plan of organizing in the near future an 
expedition to the southern hemisphere to engage in an intensive program of astrometric observations. 


| (d) That the La Plata Southern Station “Felix Aguilar” in Santa Cruz, Argentina, be completed as soon as 
possible in order to commence a series of meridian observations in a high southern latitude. 


(e) That the existing and planned astrometric equipment in Caracas, Cordoba, La Plata, San Juan, and 
Santiago de Chile be used to participate in the cooperative program. 


The Resolution was adopted unanimously. 


3. The Conference recognizes the great potentialities of the Impersonal Astrolabe for fundamental astronomical 
research, and recommends: 


(a) That the observatory of Algiers and the seismological Observatory at Wellington, New Zealand, which 
have used their astrolabes OPL for the determination of time and latitude during the International Geo- 
physical Year, continue their observations, with the addition of special groups of fundamental stars. 


(b) That the observatory of Quito place in service the astrolabe that has been sent there, and that it undertake 
the determination of time and latitude and the observation of fundamental stars. 


(c) That for the study of the motions of the two terrestrial poles, two other astrolabes be installed in the 
southern hemisphere, preferably in observatories already equipped with position-measuring instruments. 
It heartily endorses the plan of the National Chilian Observatory to install one in Santiago. 


(d) That in order to secure the north polar cap from about 77° to the immediate vicinity of the pole, an astrolabe 
be installed at a latitude near 60° 30’, in any case north of 60°, in a climate permitting observations during 
the entire winter—a necessary geometrical condition. 


(e) That all the determinations of time should be referred to an atomic standard of frequency (which may be 
through the intermediary of radio time signals) in order to permit the simultaneous study of variations of 
longitude and of latitude. 


(f) That other observatories possessing the necessary personnel cooperate in this undertaking, provided 
that the astrolabes used shall be identical and that the same mode of operation shall be adopted by all 
participants. 


The resolution was adopted with no dissenting vote and with one abstention. 


4. In the northern hemisphere, the Lick Observatory project of referring stellar proper motions to distant galaxies 
promises a new solution of the highest value to the problem of obtaining a reliable system of absolute proper 
motions. It is essential to this program that the observations be extended to the entire southern hemisphere. The 
Conference recommends that every effort be made to secure for the southern hemisphere an instrument corre- 
sponding to the Lick Observatory astrograph. 

The resolution was unanimously adopted. 


\s. The Conference recommends that the important plan of the astronomers of the U.S.S.R. to derive absolute 
proper motions of stars by referring them to selected galaxies with the aid of the Carle du Ciel astrographs be 
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continued and that in particular the work in the southern hemisphere be expanded. The Conference recommen 
to the observatories in the southern hemisphere that they take part in this work. 
The resolution was adopted unanimously. 


6. The Conference recommends that the Committee consisting of Brouwer (Chairman), Dieckvoss, Scott, Sto 
Wood, and Zverev, appointed at the Moscow meeting of the International Astronomical Union, not only do : 
that is possible to complete the organization of a reference star program similar to the AGK3R for the southe 
hemisphere, but also advise on questions concerning programs and methods of observations. Concerning tl 
selection of reference stars, the Conference agrees that the list compiled at the Cape Observatory for stars sou 
of declination —30° be accepted. = 

The resolution was adopted unanimously. 


7. The Conference urges that the Albany General Catalogue be revised, with the omission of certain stars f 

special reasons and the addition of supplementary stars in sparse regions. It is recommended that the system 

the FK4 be used for the revised catalogue. Drs. Brouwer and Fricke are requested to prepare a joint report ¢ 

detailed plans for this revision in time for presentation to Commission 8 of the I.A.U. at its meeting in 1961. 
The resolution was adopted with no dissenting vote and with one abstention. 


8. The Conference considers it desirable that after the derivation of the proper motions from AGK2 and AGK 
the material be used to compile a catalogue of proper motions derived by including other suitable catalogues, su: 
as the AGK1 and Yale catalogues. 

The resolution was adopted unanimously. 


9. The Conference notes the need of reprinting the Cordoba Durchmusterung and considers that it would be « 
important service to astronomy if the University of Cordoba were to undertake this project. 
The resolution was adopted unanimously. 


10. In view of the systematic errors in photographic positions depending on color, magnitude, and distortion 
various kinds, it is recommended that standard fields be established for the purpose of testing and comparit 
different instruments. Initially, two or three fields in different right ascensions and at a declination of about 4. 
north would suffice. A suitable field might be 6°X6°, with selected stars of different magnitudes and colors doy 
to the 12th magnitude, and some to the 16th magnitude. International cooperation in the initial photography 
the fields will provide results reasonably free from systematic errors, which will be suitable for testing oth 
instruments, and especially for determining the errors depending on zenith distance. 

The resolution was adopted with no dissenting vote and with one abstention. 

Also adopted were resolutions expressing the thanks of the participants to the National Science Foundatic 
for making the conference possible, and to the host institution, Cincinnati University, for the excellent accom 
dations provided. “Babee 
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Progress on the AGK3 


W. Diecxkvoss 
Hamburger Sternwarte, Hamburg-Bergedorf, Germany 


A report on the program of deriving new proper motions for the northern AG stars with particulars on 


systematic and accidental errors. 


OR each of the 1939 plates that cover the northern 
hemisphere twice our measures of the AG stars 
are used to derive proper motions by a number of stars 
with apparently small proper motions. The relative 
proper motions will be reduced to absolute ones by the 
proper motions of the catalogue AGK3R to be compiled 
in Washington from observations of 13 meridian circles 
in six countries. 
Errors in position depending on magnitude and color 
of the stars are dangerous because they will create 
spurious effects in studies of systematic motions in our 
galaxy, and errors of this kind will vitiate a sound 
attachment of the fundamental-system of astronomy 
to extragalactic nebulae. 
In spite of the care taken in making the AGK2 by 
using an excellent catalogue of reference stars (AGK2A) 
errors depending on magnitude and color showed up, 
and the overall use of the AGK2 will be possible only 
after a thorough investigation of its systematic errors. 
A comparison of the Pulkovo Catalogue with the 
Bergedorf Catalogue has been published (V. V. Podobed, 
D. N. Ponomarev, A. M. Mikisha 1957). The compari- 
son between Bergedorf and Bonn (H. Kox 1950) was 
extended by H. Kox to more stars. A. Kohlschiitter’s 
investigations of systematic errors of the Bonn part of 
the AGK2 (R. Schorr and A. Kohlschiitter 1957) use 
comparisons with the Yale Zone Catalogues, with the 
Bergedorf AGK2 positions, and a comparison of pho- 
tographic positions with the positions of the AGK2A. 
The work is going on. 
In Bergedorf there were five exceptions to the gen- 
eral rule of taking all plates of the AGK2 in the same 
position of the telescope (east of the pier): five plates 
were taken in lower culmination, and moon fog proves 
that fortunately these five plates were taken east of 
the pier, too, Therefore, the position of the objective 
relative to the sky was reversed in these five cases. We 
measured all AG stars on these five plates as far as 
these plates had fields in common with 17 neighboring 
‘plates taken in upper culmination. In addition to the 
star images of 10-minute exposures (that alone were 
measured for the AGK2), we also measured the three- 
minute exposures that had been taken in 1930 for 
purposes of identification. In order to correct the mea- 
‘sures for the influence of atmospheric dispersion, we 
‘made a special investigation of the effect with the same 
objective. The results were combined with a comparison 
of the photographic positions with the positions of the 
‘meridian catalog of the reference stars. Here a factor 


>1 had to be applied in order to correct for an effect in 
the plate solutions arising from the fact that magnitude 
and color are not always well mixed on single plates. 
Figure 1 gives a diagram for the color-magnitude error 
of the AGK2, part Bergedorf. 

In view of experiences with magnitude errors of large 
objectives and of our own experiences with the AG 
objective, a variation of magnitude error in time 
cannot be excluded. Therefore we decided to take the 
new plates in both positions of the telescope so that 
each star gets its catalog proper motion from both 
of the possible positions of the telescope. Further, this 
time we used a diffraction grating, as has been done by 
Schlesinger and his successors in their Yale Zone work. 
Since the change of the position of the objective can be 
managed quite easily at Bergedorf, whereas the present 
mounting of the AG camera makes this change ex- 
tremely difficult at Bonn, we decided to take all of the 
plates at Bergedorf. 

The routine measuring takes the zones of east of the 
pier with x and y increasing with right ascension and 
declination, respectively, the zones west of the pier in 
the reversed sense. In regular intervals selected plates 
are measured in both directions for each coordinate. 
These measures are used (1) to derive magnitude equa- 
tions of the measurers and (2) by combination with 
overlapping plates to derive the color-magnitude equa- 
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Fic. 1. Color-magnitude error of the AGK2, part Bergedorf 
correction to catalog positions in 0701 from: 


(1) Five plates taken 1930 in lower culmination against 17 plates 
of the same epoch taken in upper culmination, 3300 star images, 

(2) Comparison (by H. Kox) of AGK2 positions with AGK2A 
positions, 5610 stars, mean values multiplied by 1.2 for good 
fitting with results from (1). 


171 


172 


TABLE I. Magnitude error of eight measurers in 0701. 


Meas. 
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Of stars brighter than 7.5, the grating spectra are measured. 


tion of the objective. Table I gives an indication of the 
magnitude equation of our different measurers. 

Figures 2 and 3 indicate some variation in the ob- 
jective, especially in 6, for the brighter stars. The 
question of whether this change arises from the objec- 
tive itself, the cell of which has not been touched since 
the making of the AGK2, or whether the change in 
plate emulsion is responsible is not important as to the 
net result. 

Table II gives the values for color-magnification 
error of the three Zeiss objectives used for the AGK2. 
Even in the case of the Bonn zone [the proper motions 
derived from Bergedorf (1958) minus Bonn (1930) ] 
the influence may be neglected. The small influence of 
differential atmospheric dispersion arising from the 
different latitudes and depending on spectral type will 
be included easily in the final reductions. A rough value 
for the mean error to be expected for the proper motions 
of the AGK3 can be estimated by putting the mean 
error of the AGK2-positions of +0716 equal to the 
mean error for the new epoch as 


+07008/year. 


A more detailed evaluation follows from,our results of 
comparison between neighboring plates: From over- 
lapping plates measured in four positions we get the 
mean error of one coordinate of +0720. The average 
mean error of measurement ofa coordinate in one 
position of the plate is +0715. Allowing for the mean 


Aa wos & 


cc Rare BS OS 
Ba 


eae 
sakes 


a 
Tesh! a Sn lacs Mey 
TNE A | 


Ao FO GO Ko Mo «Sp> 


Ao Fo GO Ko Mo 


Fic. 2. Color-magnitude error of AGK2 Bergedorf, the curves 
represent correction to catalog positions in 0"01. The points with 
numbers signify the same error for the AG-objective Bergedorf 
for the epoch 1957/58. Each single value has a mean error <3. 
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error of measurement we get +017 as the mean error 
for the intrinsic precision of the photographic plates. 
That amounts to +023 for the mean error of a co- 
ordinate measured in the routine way. For an average 
difference in an epoch of 28 yr the mean error of the 
proper motion components will be +0%012/yr for one 
pair of plates. The average number of reference stars 
per plate comes out to be 23.4 for the 621 plates mea- 
sured so far. The mean error of the positions of the 
AGK3R will probably-be +0"13. This leads to a mean 
error of zero point of the proper motions of 07001 to 
07002/yr. 

In all we can expect the proper motions of the AGK3 
to have mean errors of --0"008/yr. We think that we 
will be able to exclude systematic errors depending on 
magnitude and color by careful evaluation of our new 
measures and by careful combination of errors of mea- 
surers and by using the best available values for the 
systematic errors of the AGK2, the basic material of 
which is laid down in the original measuring sheets we 
have assembled at Bergedorf. 


Taste IJ. Color-magnification error (dependence of scale or 
spectral type) of the AG-objectives (Zeiss~1925). Correction fon 
a coordinate of 100 mm. 


B,A F G K,M 
Pulkovo —0"04 —0"01 —0"01 +007 
Bergedorf —0.05 —0.02 +0.01 +0.08 
Bonn (prelim.) —0.02 —0.00 0.00 +0.02 


We have taken 1410 plates so far; 621 plates have 
been measured and the relative proper motions have 
been calculated. 

M. Zverev compiled a catalog of those double anc 
multiple AG-stars that probably cannot be measurec 
with sufficient accuracy on the AGK3-plates. Thi 
catalog is intended to serve for a sequel to the coopera 
tive program of observing the AGK3R in order to ge’ 
a complete covering of all original AG-stars. At Berge 
dorf we made a census of Zverev’s stars in the AGK! 
between +90° and +10°. The distribution of thes 
1486 stars into three categories gave: 


(1) 268 stars are contained in the appendice: 
“‘Babelsberger Meridianbeobachtungen” only, 

(2) 213 are contained in these appendices and i1 
the photographic catalog of positions, 

(3) 1005 stars are contained in the photographi 
part alone. 


The stars of (2) and (3) will be included in our ney 
measures automatically by the procedure of using th 
original measuring sheets of the AGK2. A correct answe 
to the question which stars will eventually be published it 
the AGK3 can be given only near the end of the mea 
sures, when all relative proper motions will be punche 
on cards. Apparently the best policy would now be t 
include the stars of (1) and (2) in a new internationa 


Fic. 3. Magnitude error of 
| AG-objective Bergedorf: Curves: 
| AGK2 Bergedorf (1930): 1952, 

0: 1957/58. The lengths of the 
vertical lines equal twice the mean 
error. 


6.0 7.70 


program, and to trust our unbiased measurers to give 
results compatible with those of their predecessors of 
the AGK2. This procedure obviates the need of a de- 
tailed study of the data by an experienced astronomer 
in order to decide what stars should be placed on a 
meridian program. 
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DISCUSSION 


Drieckvoss concluded his paper by bringing up the 
question of the inclusion of the double stars in the 
AGK3 program. Should the stars which cannot be 

“measured very well on the plates be measured by the 
meridian circles engaged in the AGK3R or should a 
Special program be set up using for example the Bonn 
Astrograph with the higher resolution for this purpose? 
_ VASILEVSKIS raised the question whether it was 
“certain that the objective had not changed appreciably 
between the first and second epoch plates, whether the 
same photographic emulsion had been used and whether 
the plates had been taken at the same hour angles. 
_ Dtecxvoss replied that while the objective had not 
_been taken out of the cell one could not be sure that no 
changes had taken place; moreover, since the earlier 
| insensitive plates had been replaced with a faster 
odak plate (0a-0) with a different color curve, this 
could introduce a change in the field. Also, it was not 


PROGRESS 


870 920 


ON AG Ks 173 


+0219 Akeosd 


0°00 


-0510 
+0510 Ad 


0200 


~0210 
1250 


1020 1150 


possible to observe at identical hour angles because of 
the difference in exposure times. In connection with 
this problem he mentioned a proposal by Dr. Heckmann 
to set up standard fields for the purpose of checking on 
such changes. (See Resolution No. 10.) Similar test 
fields have been used in the past, but with the present 
much higher accuracy attainable such fields should be 
determined with much higher precision. He estimated 
that errors as large as 071 per stellar magnitude were 
possible. 

CLEMENCE asked whether, if the lenses were cemented 
together, it would be possible that the color character- 
istics of the system would change due to age effect on 
the cement. 

Dieckvoss replied that the four lenses were not 
cemented together. 

Scott remarked that some of the meridian programs 
of the reference stars were well advanced and might 
possibly be finished within the next year. He proposed 
that some of these meridian circles be used for observ- 
ing the double stars. If it were possible it would be 
desirable to know which stars would cause trouble in 
the photographic work. These could then be observed 
with the meridian circles. 

Dreckvoss remarked that this would be difficult to 
do as it would require an examination of 2000 plates to 
decide which binary stars appearing on them could be 
measured. He remarked that most of the 1486 stars in 
Zverev’s list were on their program, but that they 
could just as well be observed also with the meridian 
circles. 

VASILEVSKIS felt that it would be very important to 
have the standard fields, perhaps three or four. 
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DIECKVoss suggested that Kapteyn’s selected areas 
at +45° declination could be used as they have mag- 
nitudes and colors. 

Stoy asked if the plates were measured both directly 
and in reverse. 

Dieckvoss replied that only in special cases were 
plates measured in both directions. 

Stoy also asked whether the value 0723 cited by Dr. 
Dieckvoss meant the mean error of a position or a 
single measurement. 

Diecxvoss replied that this was the error of a single 
measure including intrinsic errors. The catalogue posi- 
tion was obtained from measures of two plates of which 
one was measured directly and the other in the opposite 
direction. 


W. DIECKVOSS 


LuyTEN remarked that if the color sensitivity of the 
plates had changed over the 28-year period this would 
introduce errors due to atmospheric dispersion. 

Dieckvoss replied that this was true. However, with 
a mean error of 0716 in one position the combined 
systematic errors were of the order of 0703 and the 
effect of atmospheric dispersion only a fraction of this 
amount. 

LuyTEN pointed out that in the photographic region 
the atmospheric dispersion between an A-star and a 


~K-star amounts to 072 at a zenith distance of 45°, and 


that the change in color sensitivity of the photographic 
plate might conceivably produce an error of one-fourth 
of this, or 005, to which Dieckvoss remarked that he 
would loge into this problem. 
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Report on the AGK3R 


EF. P. Scorr 
U.S. Naval Observatory, Washington, D. C. 


The AGK3R program was organized to fulfill the reference star requirements of the AGK3. Thirteen 
transit circles situated in the northern hemisphere are participating in the observations of 21 505 reference 


stars. This work is now essentially 55% completed. 


: 


J ‘HE general plans for the AGK3 program are em- 
_ 4 bodied in the first two resolutions adopted at the 
close of the Conference on Problems in Astrometry held 
at Evanston, Illinois, September 3-5, 1953. 
The first of these resolutions states the importance 
of the revision of the FK3 then in progress, and makes 
certain recommendations regarding the photographic 
observations of the stars in the northern sky. 

The recommendations contained in the second resolu- 
tion concern the selection, observation, and reduction 
of the reference stars. The present report deals with 
these subjects. 

Immediately after the close of the Evanston Con- 
ference, the Naval Observatory commenced the revision 
and extension of its own reference star lists in accordance 

with the second resolution. 

In the interval between the close of the Evanston 
Conference and the opening of the Brussels Conference 
on Astrometry, March 28-30, 1955, the work on the 
selection of the reference star list was completed. Inter- 
esting statistics on this star list as well as on one selected 

_ by the Pulkovoand Moscow Observatories may be found 
in the proceedings of the latter Conference. 

The Brussels Conference discussed the problem of 
adopting a reference star list for the AGK3 and appor- 
tioning it among the observers. The result of a survey 
of the observing potential present was so encouraging 
that the Conference, without hesitation, recommended 
that both the Washington and Pulkovo-Moscow lists 
should be observed. This most fortunate development 
is due entirely to the generous way in which the ob- 
servers pledged their energies to the project. Thus, in 
one observing campaign, all of the reference star 
requirements of the AGK3 as well as many of those of 
the Russian Nebulae Program are being fulfilled 
simultaneously. It was also agreed that stars from both 
lists would be used to the fullest extent possible in the 
reduction of the AGK3 plates. 

The reference star list was originally divided among 
the meridian circles at the Bergedorf, Bordeaux, 
Greenwich, Heidelberg, Lund, Nicolaiev, Paris, Pul- 
kovo, Strasbourg, and U. S. Naval Observatories. 
Shortly after the close of the Brussels Conference, 
however, the Dominion and Babelsberg Observatories 
announced their desire to participate in the program. 

_ A slight reassignment of the reference stars made it 
Possible to anticipate ten observations for each reference 
Star. 


The prospects of an early reobservation of the AG 
stars, as envisioned by the AGK3 program and its 
associated reference star program, have been heartily 
welcomed and have received numerous endorsements, 
among which are those announced by: 


1. The Symposium on Coordination of Galactic Re- 
search, Groningen, 1953 

2. Astrometric Conference, Evanston, 1953 

3. Astrometric Conference, Pulkovo, 1954 

4. International Union of Geodesy and Geophysics, 
1954 

5. International Astronomical Union, 1955. 


The latter organization, upon the recommendation of 
Commission 8, appointed a committee consisting of 
D. Brouwer, A. Danjon, W. Fricke, O. Heckmann, A. A. 
Nemiro, F. P. Scott (Chairman), L. S. T. Symms, and 
M. S. Zverev to deal with the coordination of various 
phases of the project. 

During the Brussels Conference it was generally 
understood that the Naval Observatory and Pulkovo 
Observatory would prepare separate catalogues of the 
results of observations of their respective reference star 
lists. Both catalogues were to be made available for the 
reduction of the AGK3 plates. At the Moscow meeting 
of the I.A.U. a recommendation was accepted by which 
this understanding was modified. It is now agreed that 
a catalogue containing all of the reference stars (21 505) 
will be prepared at the Naval Observatory. This will 
ensure the use of strictly uniform compilation pro- 
cedures throughout. The Pulkovo Observatory will 
later prepare a catalogue of its own reference stars, 
using observations from the present program as well 
as others arriving at the final results. 

During January 1956, copies of the portion of the 
AGKS3R star list, as represented by each observatory’s 
commitment, were sent out from the Naval Observ- 
atory. These were in a form that could be used in making 
up the setting lists required by each instrument. 

Observations of the reference stars were started 
immediately at a number of observatories. At others, 
however, the work had to be delayed due to difficulties 
in getting their instruments into operating condition. 
At the present time, observations are in progress at all 
except one observatory. 

A brief report of the status of the reference star pro- 
gram as of February 15, 1958 was circulated among the 
observers during the spring of that year. Another brief 
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TABLE I. Status of the AGK3R program, April 1, 1959. 


Percentage of 


Commitment commitment Ratio 
Observatory no. obs. completed FK3/AGK3R 

Babelsberg 10 222 37 0.37 
Bergedorf 24 248 38 0.50 
Bordeaux 15 074 59 0.40 
Greenwich 27 626 52 0.46 
Heidelberg 8 648 98 0.33 
Lund* 15 316 0 tee 
Nicolaiev 19 988 70 0.41 
Ottawa 7 508 91 0.71 
Paris 17 766 82 0.27 
Pulkovo 23 022 65 0.45 
Strasbourg 7 892 98 0.30 
U.S.N.O. 6-inch 15 088 65 0.33 
U.S.N.O. 7-inch 22 652 34 0.35 
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® The Lund Observatory has experienced considerable difficulties in com- 
pleting the renovation of its transit circle. The present plan is for the 
Brorfelde transit circle to assist with the Lund zone. 


report, bringing the information up to the middle of 
June 1958, was presented at one of the sessions of 
Commission 8 at the Moscow meeting of the 1.A.U. 

This report will conclude with a statement of the 
condition of the reference star program as of April 1, 
1959. 

Ottawa, U.S.N.O. 6-inch, Strasbourg, Babelsberg, 
and Greenwich are observing the FK3 Supp Stars. 
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Including the AGK3R, FK3, and FK3 Supp Stars, 
the Naval Observatory to date has made over 195 000° 
apparent place computations for the reference star 
program. < 

The over-all progress of the reference star observa- 
tions continues to be most encouraging. The individual 
observers are to be commended for their cooperation 
and promptness in reporting their observations. 

More details of the proceedings of the Conferences 
referred to in this report will be found in the references’ 
given below. 
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DISCUSSION | 


Dreckvoss estimated that the measurements of the 
AGK3 would be completed by 1962. 

Scott was doubtful if the AGK3R would be available 
at that early date. 

HERcET said that the paper by Mr. Scott showed 
very clearly the need for the conference because the 
AGK3R program drops completely off at about —2° 
declination, leaving the southern hemisphere in very 
poor shape. ~ 
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THE ASTRONOMICAL JOURNAL 


1. SURVEY OF ABSOLUTE CATALOGUES 
FOR SOUTHERN STARS 


BSERVATIONS which have been carried out 
during the last 30 years revealed the necessity of 
‘an improvement of the 3rd Fundamental Catalogue 
'\ (FK3), and it is certain that the revision, which is being 
' carried out at present at the Astronomische Rechen- 
Institut, will result in better positions and proper 
"motions, individually and systematically, at least for 
the northern stars. A survey of catalogues for southern 
stars, which were observed by absolute methods, illus- 
trates the well-known fact that the fundamental system 
‘of star positions and proper motions is by far not as 
well established in the southern hemisphere as it is in 
the northern sky. 
For the improvement of the system of positions and 
|proper motions of the southern stars the following 
catalogues became available after the compilation of 
KS : 


1. 2nd Capes; (Ep. 1928), 3rd Capes; (Ep. 1934), 

1st Capeso (Ep. 1940). The suffix gives the equinox 

| of the catalogue. The 2nd and 3rd Capess cover 
_ only the equatorial zone —30°<6<+30°. 

2. Cordoba Fs0 (Ep. 1924). This catalogue is merely 

i a continuation of the ist Cordoba Foo, which was 

} already used in the derivation of FK3. Therefore 
it is not expected to contribute essentially to the 
improvement of the FK3 system. 

3. Leiden Equator-Catalogues I and II (Ep. 1933, 
1951), Canberra Catalogue (Ep. 1955, observed 
by Schmeidler). These catalogues can be used to 
improve the declination system only. 


| Because of this small number of new observational 
data the 2nd Capeso catalogue, which is under com- 
| pletion at the Cape Observatory, becomes of great 
_ value for the improvement of FK3. It is hoped that it 
can be investigated in the fall of this year to contribute 
to the formation of the 4th Fundamental Catalogue 
_ (FK4). It may be interesting in this connection to 
-teview very briefly the catalogues of southern stars 
_ which contributed to the formation of the system of 

FK3. The system of proper motions rests upon cata- 
logues back to 1838, whereas the system of positions 

was formed from catalogues with epochs later than 
1900. 

The following catalogues contributed to the system 

sof proper motions: 
f- 
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The System of Fundamental Stars in the Southern Hemisphere 


W. FRICKE 
Astronomisches Rechen-Institut, Heidelberg, Germany 


A survey of absolute catalogues for southern stars is given which contributed to the construction of the 
system of FK3 and FK4. Provisional results for the systematic corrections to FK3 are presented. 


1. Cape catalogues with the epochs 1838, 1852. (Used 
for the derivation of ye only.) 

2. Cape catalogues with the epochs 1859, 1867, 1876, 
1883, 1890, 1905. (Used for wo and ps.) 

3. Melbourne with the epochs 1867 and 1879 and 
Santiago (Ep. 1851) were used for ys. 

4. Melbourne 1867 and Cordoba 1877 and 1889 were 
used for pa. 


The following catalogues contributed to the system 
of positions and proper motions: 


1. Cape Foo (Ep. 1908), 2nd Cape Foo (Ep. 1914), 
1st Capezs (Ep. 1922). 

2. San Luis (Ep. 1910). 

3. 1st Cordoba Foo (Ep. 1918). 


2. REMARKS ON THE TECHNIQUE OF DERIVING SYSTEM- 
ATIC CORRECTIONS TO A FUNDAMENTAL SYSTEM 


In the revision of FK3 the corrections to the system 
of right ascensions and declinations are obtained from 
absolute catalogues by investigation of 


Ace, Aas, (Apta)as (Aua)s, 
Ada, Ads, (Aps)as (Apa)s. 


These values are derived separately for adequate small 
intervals of a or 6. There exist absolute catalogues, 
which can be used for the improvement of both sys- 
tems, right ascensions and declinations; others can con- 
tribute either to the system of right ascensions or to the 
declination system only. Depending on the methods 
of observation, some catalogues rest upon absolute mea- 
surements only in the sense that Aas can be used for the 
improvement of the system but not Aaa. In many cases 
the components, say of Aa, are of different weight be- 
cause of the different nature of instrumental and other 
errors in different coordinates. For these reasons the 
splitting of the corrections into the afore-mentioned 
components seems to be the adequate way of treat- 
ment. In the systematic revision of FK3 it has never 
been tried to analyze these errors by means of formulas, 
which we would consider as a disadvantage. The values 
of the derived corrections are always applied for ade- 
quate small intervals of a and 6; they can, in fact, be 
considered as regional corrections. 

It seems to me that these considerations answer the 
question, raised by A. Danjon in his Darwin Lecture, 
why, for instance, the values Aq are being split up in 
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Aa, and Aas. His view that this is not justified and con- 
fusing is entirely correct for certain instruments and 
for observing techniques like the Astrolabe observa- 
tions at Paris but by no means in general. 


3. PROVISIONAL RESULTS FOR SYSTEMATIC 
CORRECTIONS TO FK3 


No final results can be presented at this moment for 
the systematic corrections to FK3, which will give the 
new catalogue FK4. However, it may be interesting to 
report briefly upon (1) the corrections Aas, and (2) the 
corrections (Aua)s for the declinations —80°<6<+80°. 
These results were obtained by W. Gliese, who is in- 
vestigating the systematic errors of the right ascension 
system of FK3. 

Figure 1 shows as continuous line the correction 
Aas to be added to FK3 as a result of the investigation 
of the following observational data: 


Pulkovo (Ep. 1923, 1932, 1940), 
Washington 9-inch (Ep. 1919, 1941), 
Washington 6-inch (Ep. 1933, 1939, 1945), 
Greenwich (Ep. 1927, 1935), 

Cape (Ep. 1928, 1934, 1940), 

Cordoba (Ep. 1924). 


To give an idea of the differences between FK3 and 
N30 at nearly the same epoch, the dotted line is in- 
cluded. To illustrate what can be achieved by a single 
good instrument, the broken line shows the result, 
which was obtained by B. Guinot at the Paris Astrolabe 
O.P.L. for epoch 1957. 

Figure 2 shows the systematic differences (Aya) 
against FK3 obtained from observational series at 
Pulkovo, Washington, Greenwich, and Cape. The re- 
sults from the Greenwich observations (dotted line) 
are the only ones which are for various reasons not 
represented with full weight. The unweighted Green- 
wich curve shows a strongly increasing deviation with 
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increasing 6 against the other observational series. I 
is, however, in general agreement with the others fo 
small intervals of 6. The dotted line was obtained by 
provisional reduction into the mean of the series o 
Pulkovo and Washington. Attention should be draw: 
to the very satisfactory agreement of the corrections 
in particular, in the “fine structure’? over smaller in 
tervals of 6 for the northern fundamental stars. 

Figure 2 shows impressively the deficiency of ob 
servational series‘in the southern sky. It demonstrate 
also, that it is desirable to postpone the definite deriva 
tion of systematic corrections for the southern funda 
mental stars until the catalogue 2nd Capeso will b 
investigated by the end of this year. 

The corrections to the system of declinations of FK. 
are being investigated at present by A. Kopff, H 
Nowacki, and W. Strobel. Results are not yet ready 


for presentation. However, there seems to be one poin 


noteworthy here, namely, the uncertainty of correc 
tions to the position of the equator from the observa 
tions of the sun and the major planets. The observa 
tions, which became available after the compilation o 
FK3, do not show any convergence toward a definit 
value of (Aéd)s~0 to be applied to the equator of FK3 
Weighting, which necessarily depends on persona 
judgment, should not mislead us to believe that a 
this moment any real improvement can be reachet 
from observations of the sun and the major planets 
Contributions from the observations of minor planet 
are therefore much welcomed, and I would like t 
draw the attention of the Conference to the questio1 
whether the results so far obtained from minor plane 
observations can contribute to the position of thi 
equator of FK4. 


4. CONCLUSIONS FOR FUTURE PROGRAMS 
IN THE SOUTHERN HEMISPHERE 


The existence of a fundamental system of position 
and proper motions for southern stars is almost en 
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Fic. 1. Systematic Differences (Aq); against FK3. Solid line= FK4-FK3 (1933/34), Provisional 
Result. Dotted line=N30-FK3 (1930). Dashed line=O.P.L. (Paris)-FK3 (1957) 
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' (m. epochs 1908, 14, 22, 28, 34, 40) 


tirely to the credit of the Royal Observatory at the 
Cape. It should be strongly recommended that absolute 
measurements should be continued along the same 
lines as hitherto at this observatory. In addition, abso- 
lute measurements should be carried out at other 
places in the southern hemisphere. Moreover, atten- 
tion should be drawn to the importance of the recom- 
mendation of IAU-Commission 8 at the 10th General 
Assembly to use astrolabes in a chain of conveniently 
distributed stations from a latitude +60° to a southern 
latitude as close as possible to —60° for the improve- 
ment of relative positions of fundamental stars. 

After the completion of FK4, we will be prepared to 
investigate each new catalogue immediately after its 
‘appearance for purposes of further improvements of 
‘the fundamental system. Though it is not desirable to 
make frequent changes in the fundamental coordinate 
System, it can be assured that—after sufficient new 
data will be available—a future revision should no 
longer be a major undertaking through the use of 
‘modern computer techniques. 
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\ DISCUSSION 


_ Fricke concluded by saying that he would like to 
aos the results of several investigations concerning 
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Fic. 2. Systematic Differences (Ava)s against FK3. - Pulkovo (m. epochs 1897, 1905, 13, 23, 32, 40). o Washington 9-inch (m. 
epochs 1907, 19, 41). X Washington 6-inch (m. epochs 1914, 33, 39, 45). [] Greenwich (m. epochs 1902, 11, 19, 27, 35) A Cape RTC 


the corrections to the position of the equator of FK3 
as obtained from the minor planets, since these should 
give better results than the sun and the major planets. 
At the present time there exist three inyestigations, 
namely by Rabe on Eros, Peter Naur using Nemausa, 
and by V. I. Orelskaya on the motion of Juno. The 
result of the last investigation could not be discussed 
for lack of information, and the work by Peter Naur 
could not be used since it needs still a reinvestigation 
concerning the influence of a possible magnitude error 
in the GC system. The correction to declination of 
FK3 that Dr. Naur obtained was Ad=+0710+0704 
for 6=0°, which is a very good accuracy, but there is a 
magnitude effect of the same order which should be 
subtracted. The correction obtained by Rabe was 
Ad=+0"712+0719 for 6=0°. His reference system, 
however, was not the FK3 but the PGC, which was. 
not clearly stated by Dr. Rabe. The difference between 
the two catalogues is A8=+0%31 for 6=0°, leaving a 
correction to the equator of —0"19 for the FK3. 

Fricke also listed the equator corrections deduced. 
from the following catalogues: 


Equinox Aé=Cat.-FK3 
Washington 1920 +001 
Second Cape 1925 —0.08 
Washington 1925 +0.00 
Third Cape 1925 —0.06 
First Greenwich 1950 —0.26 
First Cape 1950 —0.07 
Miinchen (Schmeidler) +0.07 
Canberra (Schmeidler) +0.10 
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He concluded that observations which become avail- 
able after the compilation of FK3 will result in a very 
small correction to the position of the equator. 

Stoy asked if the minor planets should still be ob- 
served with the transit circles. 

FRIcKE replied that this was desirable. 

CLEMENCE remarked that the observations of the 
sun should be continued at least until the results of the 
minor planets observations are established, but that 
in the long run the solar observations might prove to 
be a waste of time. 

RABE pointed out that the Eros observations were 
not on any uniform system. Most of the observations 
were made in 1930-31 and were tied in to the system 
of the Katalog der Anhaltsterne. He also pointed out 
that the study was not carried out for the purpose of 
determining the systematic corrections but only done 
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for the purpose of checking that there existed no undu 
correlation with other results. 

HERGET remarked that in the dynamical solutio: 
Rabe made he had to have the sun’s orbit included anc 
put in a declination correction to leave the dynamic 
of the problem free. 

FRICKE thought that it would be useful at som 
future date to reduce the Eros observations again 
making a careful check on tying the reference systen 
into the FK3 and FK4 system. 

VyssoTsky wanted to know if Dr. van Herk’s Equa 
torial Africa observations contributed to the correctio1 
to the declination, as these observations were made fo 
this purpose. ; 

FRICKE replied that they would make use of the vai 
Herk catalogue. 
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The merits of the O.P.L. impersonal astrolabe as a fundamental instrument are discussed. A comparison 
of the results obtained in both right ascension and declination with the astrolabe O.P.L. 12 in 1957 and 
1958 demonstrates the degree of consistency of the observations. The immediate need is for an astrolabe in 
active service in Quito which, with astrolabe stations at Paris, Algiers and Wellington, would form a chain 
sufficient to link up all the fundamental stars from —70° to +77°. 


N an important, but quite forgotten, paper, S. C. 

Chandler pointed out, as far back: as 1887, the 
advantages of the method of equal altitudes of stars 
over the method of meridian transits either for the 
determination of the time and the latitude, or for the 
improvement of the catalogue of fundamental stars. 
One can prove the conclusions of Chandler in the 
following way. 

From the recording of the time of transit of a certain 
number of fundamental stars, through a circle centered 
at the zenith (almucantar), one can compute their 
zenith distances. The clock correction and the latitude 
will then be obtained from the right ascension and the 
declination found for the zenith. One gets the best 
possible determination of the zenith when the observed 
stars are equally distributed on the circumference of 
the almucantar. Then the individual deviations due to 
catalog errors appear unambiguously. 

Moreover, if for this purpose one uses the impersonal 
prismatic astrolabe (Danjon 1954, 1958) the zenith 
distance is constant. Hence, as B. Guinot recently 
showed, it is possible to connect right ascensions and 
declinations in a chain process so that all the stars of 
the observable zone referred to a homogeneous system. 

On a transit instrument, one observes transits across 


a small circle very close to a great circle, the differenc 
being the collimation C. The pole of this circle (wes 
pivot) is approximately the point 6=0°, H=6 hr. Le 
m and mn be its differential coordinates (Bessel nota 
tions), and A the clock correction. From the recordin; 
of a certain number of transits, one can compute thre 
unknowns that can be c, m+A, and nv. But in thi 
case, the observations are not made over the entir 
circumference of the circle, of which we wish to fine 
the pole, but only on about a quarter of it, for actually 
the zenith distance of observed stars seldom exceed: 
45° towards the north or the south. Therefore, one cat 
say @ priori that the determination of the circle is no 
so/good with a transit instrument, as with an astrolabe 
and, that individual deviations are not detected with 
the same certainty. 

In practice, these drawbacks are overcome by mea 
suring the collimation and the inclination of the axis 
of the transit instrument. This is done by pointing th 
instrument towards collimators and towards a mercury 
surface. But in this case, the conditions in which thi 
instrument is used are very different from those whict 
exist when it points towards stars. Thus, there is a lack 
of homogeneity in the data which are to be reduced 

What we have said of the chain adjustment in the 
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case of an astrolabe helps us to establish the conditions (1) The collimation should remain constant through- 
under which such a connection would be permissible out the night (as is the case with the angle of the 
in the case of a transit instrument ! prism). 


TaB Le I. Comparison of the right ascensions obtained in 1957 and 1958. The difference given is @= Aaigs7— Aaioss and 
a cosé. Unit: 08001. The sign of Aa is that of astrolabe minus catalog. Stars from FK3. 
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a GC 12646. Position corrected from the FK3 Supplement. 
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TABLE II. Comparison of the declinations obtained in 1957 and 
1958. The difference given is d= Adi957— Adig3g. Unit 0701. The sign 
of Aé is that of Astrolabe minus Catalog. Stars from FK3. 


n° Ad 1957 Adi958 d 
27 —10 — § — § 
42 +16 +13 + 3 

1032 —22 —26 + 4 
46 —20 —15 — 5 
66 + 8 +11 — 3 

1068 —4 —19 +15 
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1094 +24 +24 0 
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269 + 6 0 + 6 
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Stars from the FK3 Supp. (Numbers given 
are from the General Catalog) 


n° 461957 61958 d 
1136 —10 — 8 —2 
3759 + 8 +19 —11 
6259 + 4 +12 — 8 
6288 + 8 +10 —2 
6556 —7 —14 +7 
8965 — 8 — 7 —1 
10707 —15 —12 — 3 
12496 —15 —23 + 8 
14086 +15 +20 —5 
15162 +15 +15 0 
17225 + 2 + 5 — 3 
22802 +21 +14 +7 
26569 sic ap 0 


ANDRE DANJON 


(2) There should be an invariable mark somewhere 
towards the west (by analogy with the zenith defined 
by the mercury surface in the astrolabe). 


Actually, though, the collimation of the classical 
transit instrument depends upon the temperature and 
the direction towards which the instrument is pointing, 
and lateral collimators have not given satisfactory re- 
sults, at least until now (Danjon 1958). Most fre- 
quently, meridian marks are used as azimuth refer- 
ences. But then, one of the following two cases occurs: 
If the objective has a short focal distance, the direction 
of the mark is geometrically insufficiently defined; if 
the focal distance is large, the direction is optically 
unstable because of the heterogeneity of the atmos- 
phere. The transit instrument is certainly an excellent | 
instrument of interpolation to connect stars of similar 
right ascensions, but the impersonal astrolabe is to be 
preferred for the determination of systematic errors in 
the catalog by means of observations of stars with 
very different right ascensions and declinations. 

Tables I and II, taken from Guinot, show the fidelity 
of the O.P.L. impersonal astrolabe used as a funda- 
mental instrument. Since July, 1956 the same groups of 
fundamental stars have been observed. These groups 
are connected in chain, and the corrections to the 
catalog positions are separately computed each year 
from July to July. We now have results of two complete 
years for 103 stars. We have therefore two independent 
values of the correction Aa. Let a be their difference. 
The mean quadratic value of the products a cosé is 
0.006 sec. Therefore, the standard deviation of the 
mean of these corrections is 0.003 sec. In a few years, 
the correction to the positions of these 103 stars will be 
known within 0.001 sec. The standard deviation in 
declination will be 0702. For 400 other stars of the 
Paris zone now observed, the standard deviations will 
be 0.005 sec and 0705. Their number will soon be 900. : 
This will furnish material of exceptional quality for the 
checking of the fundamental catalogue. 

The astrolabe O.P.L. 12 of the Paris Observatory 
(y=49°) is assigned especially to catalog observa- 
tions. The same work could be done with those which 
are set up in Algiers (+38°) and Wellington (—41°). 
If the necessary funds were found, a fourth astrolabe 
could shortly be put into service in Quito (g=0°). We 
shall show that such a chain would be sufficient to link 
up all the fundamental stars from —70° to +77° in a 
homogeneous system. Actually, the observable zones 
have the limits given in Table III. 

The situation is not as propitious for the declination ~ 
as it is for the right ascension because the method of 


TaBLe III. 
Paris +24° to +77° +20° to +45° and +71° to +78° 
Algiers en +12° to +64° . si + 8° to +29° and +56° to +66° 
Quito *) —27° to +27° '™°) —20° to —13° and +13° to +29° 
Wellington —70° to —16° —71° to —61° and —35° to —13° 
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equal altitudes of stars does not allow us to determine 


| the declinations of stars at their greatest digression 


(—cosS=0) or near it (|cosS| <0, 4). Table III which 
corresponds to |cosS|=0, 4, shows that the following 
gaps would remain in declination: —61° to —35°, 


| —13° to +8°, +45° to +56°, +66° to 71°; but there 


are the following overlapping zones, which are large 
enough. 


— 29° to —13° 
+ 13° to.4-29° 
+20" to 29°. 


For Wellington-Quito: 
For Quito-Algiers: 
For Quito-Algiers-Paris: 


Besides, one can add to the program all the stars for 
which: 0,2 0,4 0,2 <|cosS|< 0,4 provided that they 
are observed a large number of times. 

Finally, the installation of a fifth astrolabe at a 
latitude of approximately ¢=60°30’ would allow us to 
extend the measurement of both coordinates up to the 
immediate vicinity of the northern celestial pole. 

Carrying out such a program implies that a very 
close agreement should be reached among the partici- 
pants in order to prepare the observations and to make 
up the groups to be observed (which should have the 


_ greatest possible number of stars in common). 


The following arrangements should be made: 


(1°) In Paris, the astrolabe O.P.L. 2 12° should be 
kept in service and assigned to catalog observations. 
The astrolabe 7 1° would remain assigned to time and 
latitude determinations. 

(2°) In Algiers, the program of the astrolabe 1 8° 
should be modified. To routine determinations (time 
latitude), observations of groups for catalog work would 
be added. Routine groups are already adjusted by the 
observations done for the International Geophysical 
ear. 

(3°) In Quito, the astrolabe 13° and some auxiliary 
equipment are still to be set up. It would be desirable 
that Schmitt be in charge of carrying out the observa- 
tions and have authority over the staff. 

The program should include routine observations 
(two groups every night) and catalog observations (as 
many groups as possible). 

(4°) In Wellington (y=—41°), the astrolabe » 2° 
was used by the “Seismological Observatory” during 
the I.G.Y. In a letter of October 22, 1958, Dr. Hayes, 
Director of this Observatory, asked me what was the 
most useful work to be undertaken with the astrolabe 
at the end of the I.G.Y. I suggested in my reply, of 
November 18, that he continue the observations of the 
groups adopted during the I.G.Y. and that he add 
some groups for the purpose of studying the catalog. 
I have not yet received a reply from Dr. Hayes, but I 
presume that he would accept to participate during 


a few years in this program under a plan similar to 


that proposed for Quito. 
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(5°) The only permanent Observatory located at a 
latitude close to 60°30’ is the Observatory of Turku 
University in Finland (60°27’). I do not have at my 
disposal sufficient meteorological data to decide whether 
this location is suitable or to suggest another one. 


REFERENCES 


Chandler, S. C., Ann. Harvard College Obs. 17, 1887. 

Danjon, A., L’astrolabe impersonnel de I’Obs. de Paris, Bull. 
astron., 18, 1954, p. 251; L’astrolabe impersonnel, modéle OPL, 
Bull. astron., 21, 1958, p. 323. 

Guinot, B., L’astrolabe impersonnel, Etude des résultats d’une 
année d’observations. Variations de la latitude, Catalogue 
d’étoiles (thése), Bull. astron., 22, p. 1. 

Danjon, A., The contribution of the impersonal astrolabe to 
fundamental astronomy (George Darwin Lecture), Monthly 
Notices Roy. Astron. Soc., 118, 1958, p. 411. 


DISCUSSION 


Scott reported on the limiting magnitude obtainable 
with the Washington meridian circles. With the 6-in., 
ninth-magnitude asteroids and stars were extremely 
difficult to observe. With the 7-in., Ceres, Pallas and 
Vesta had successfully been observed during the past 
winter and 12-15 observations had been obtained of 
Juno which at the beginning of the observing season 
was as faint as 9.4 mag. 

CLEMENCE asked if sufficient observations could be 
obtained of the minor planets to determine the equinox 
and the equator. 

Scott said this was doubtful, at least in the case of 
the equinox, which requires observations of the minor 
planets at quadrature. These observations are difficult 
to obtain because of the twilight conditions. He believed 
that enough opposition observations could be obtained 
of the minor planets to give an equator solution over a 
period of 5-6 years. An equator solution had been made 
a few years ago from a series of 6-inch observations of 
Ceres and Vesta from 1928-1935. Most of the observa- 
tions had been made within 23 hours of opposition. The 
equator solution gave a value which agreed within 
0”05 with the solution obtained from observations of 
the Sun, Mercury, and Venus. Mr. Jackson of the U. S. 
Naval Observatory was in the process of making a new 
equator solution from a more extensive series of 
observations. 

Stoy remarked that Vesta had been observed success- 
fully with the Cape 6-inch meridian circle over a num- 
ber of years, the series going back to 1928. 

CLEMENCE remarked that a very good determination 
of the equinox could be obtained from combining minor 
planet observations made with several meridian circles 
provided these programs had a sufficient number of 
bright stars in common. 

Stroy asked about the role of photographic observa- 
tions of the minor planets such as in the Russian pro- 
posal on the observations of Ceres, Pallas, Vesta, and 
Juno. 

CLEMENCE remarked that the photographic observa- 
tions can be as important as the visual, provided that 
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the reference stars can be tied in sufficiently with the 
bright stars. 

BROUWER stated that in order to separate the 
equinox correction from the correction to the longitude 
in the orbit it would be necessary to extend the meridian 
circle observations of the minor planets over a period 
of several months around the opposition. For this reason 
it is doubtful if the photographic observations would 
add much to solve the over-all problem, if they are too 
much restricted to the opposition. 

Danjon did not think it looked very favorable to 
use the astrolabes for this problem. As it had been 
pointed out, it would be necessary to follow the aster- 
oids until long after opposition when they will not be 
bright enough to be observed with the astrolabe unless 
the instrument was increased to much larger dimen- 
sions. This would decrease its accuracy which has 
hitherto been its value for fundamental observation. 

VASILEVSKIS remarked that the Lick proper motion 
program covers a large range in magnitude, from about 
8 to 17.5 magnitude. On each plate there will be ap- 
proximately 15 to 20 AGK2 or AGK3 stars which 
would mean that the system could be reduced quite 
rigorously to FK3 or FK4; with two different exposure 
times using gratings, as is currently being done, it 
would be possible to measure the asteroids on the plates 
in a system close to the AGK2 or AGK3 system. 

FRICKE agreed that it would be much better to use 
the method outlined by Vasilevskis connecting the 
minor planets directly to the AGK stars. If the Yale 
Catalogue was used it would be necessary to reduce to 
the GC system and finally to the FK3 or FK4 without 
knowing exactly what happens to the magnitude errors. 

Scott felt that the minor planets should definitely 
be observed to see if they would determine the equinox 
and equator point. He said he would have as: much 
confidence in such a determination as in one relating 
the daytime observations to the nighttime system on 
account of the difficulty of observing the day stars 
near the position of the sun. 55 

CLEMENCE remarked that it should not be forgotten 
that the equator point cannot be uniquely determined 
from photographic observations because they are not 
referred to the vertical. This was discovered by Brouwer 
some years ago. 

Danjon discussed the possibility of extending the 
catalog now being made for the Paris Zone to the whole 
sky in order to get the same system of right ascension 
and declination. This would be possible if four astrolabes 
could be put into operation. Besides the Paris astrolabe 
now in operation, the other astrolabes would be in 
Algiers, Quito and Wellington, New Zealand. While 
there is an astrolabe in Wellington he had not been 
able to get any response from the Superintendent of 
the Seismological Station in regard to obtaining such 
observations. At the meeting in Moscow, Danjon had 
proposed a much more ambitious program in which 
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astrolabes would be located at every 15° of latitude. 
Because of the large overlap between successive zones 
this would establish a very accurate system, but he 
felt the plan was too ambitious, as it would be too 
costly to get all these instruments in operation and 
find qualified personnel. With the four instruments 
located in the places already mentioned, there would be 
a sufficient overlap to extend the system of the Paris 
catalog to —70° declination. This plan would be par- 
ticularly successful in establishing the right ascensions. 
For the declinations there would be some difficulties on 
account of indeterminacy in declination in certain 
cases, but even so there would be sufficient overlap 
to get a more or less complete system for the zone — 70° 
declination to +57°. It would be desirable to have 
another station at a latitude of 60°30’ north because 
this would make it possible to determine the declina- 
tions to the pole. 

Fricke felt that four astrolabe stations would not 
be sufficient, especially if the positions of the stars in 
the southern sky should be improved to the standards 
of the northern hemisphere. He recommended that 
additional astrolabes be installed in South America and 
that the observatories in South Africa also participate 
in the program. Since it is possible to reduce the astro- 
labe observations very quickly to apparent places by 
means of modern computers such work could be carried 
out elsewhere for the southern stations if the reduction 
work made them hesitate in participating in the pro- 
gram. Another point which Fricke wanted to bring up 
was whether it would be possible to build larger astro- 
labes to obtain stars down to 7.5 magnitude. With 
present astrolabes only a part of the fundamental stars 
and the stars of N30 or FK3 Sup. can be obtained. 

Danjon agreed that it would be desirable to increase 
the number of astrolabes beyond the four he had already 
mentioned. He had previously discussed with Dr. Rutl- 
lant the possibility of setting up an astrolabe in Chile. 
This would be desirable in view of the longitude differ- 
ence with Wellington and if Santiago was chosen as 
the station the difference of 7° in latitude would also 
be important. He had investigated the possibility of 
going further south than Wellington (Latitude —41° 
17’) to islands in the southern part of the Indian Ocean 
but he had found the climates not suitable for an ex- 
tended observational program. 

Danjon continued by saying that more astrolabe 
stations at various latitudes and longitudes were also 
important in the study of the motion of the poles, in 
particular if the motion of the south pole corresponded 
to that of the north pole. It would also be important 
to study a little better the Kimura term which he 
thought was a local instrumental effect rather than an 
effect of latitude variation. With the astrolabe it is 
possible to determine the two coordinates of the pole 
at one place which would make it important to have 
the stations at different latitudes, but not necessarily 
of different longitudes. In the past longitude determina- 
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tions used the meridian marks which are difficult to 
stabilize. 

DaANjON concluded by saying that if the Cape Ob- 
servatory would participate in a program then Welling- 
ton, Cape, and the South America station would form 
an important chain. 

Stoy felt that their participation would not only be 

a matter of instrumentation but also of manpower. 
Perhaps another solution would be to locate an astrolabe 
at the Boyden station because of its association with 
Hamburg and Uccle. 
' Fricke remarked that if Dr. Stoy would consider 
having an astrolabe at the Cape, perhaps a recommen- 
dation could be made in regard to sending a young 
astronomer from the northern hemisphere to do the 
observing. He would prefer to have such a person at 
the Cape where the staff is already acquainted with 
fundamental positional work, which would not be the 
case at the Boyden Station. 

Stoy remarked that this was a question on which 
he had no authority to make a decision. He said he 
would discuss it with Dr. R.-v. d. R. Woolley, the 
Astronomer Royal, and perhaps it would be possible to 
send personnel from Herstmonceux to the Southern 
Hemisphere. 

DANJON agreed with Dr. Fricke that it is very im- 
portant to have an astrolabe located where there is a 
tradition in fundamental astronomy. He also pointed 
out that it was very essential that the instructions 
going with the instrument be followed rigorously be- 
cause they were obtained after 10 years of experience 
at the Paris Observatory. This would also insure that 
the same system of observations was used in the differ- 
ent places. If an astrolabe should be located in South 
Africa he would prefer to see it located at the Cape 
Observatory. ; 

Stoy remarked that an astrolabe at the Cape Ob- 
servatory was a question of manpower, which is being 
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utilized to the utmost and therefore prevents the staff 
from taking on any additional load. 

DanjoN explained that it would not be possible to 
construct a larger astrolabe at the present time. The 
principal feature of the astrolabe is the constancy of 
the angle of the prism, which in the present instru- 
ments have not changed more than 071. The actual 
variations are of the order of 0702 to 003 notwith- 
standing considerable temperature variations during 
the course of observations. These are the variations for 
a prism of 10 cm and it is not certain that it would be 
possible to keep the temperature as uniform in a larger 
prism. Danjon remarked that he was willing to examine 
this, but it would have to wait until the optical and 
instrument shops were finished with the new meridian 
circle, which he hoped would be completed in 1960. 

CLEMENCE asked if materials other than glass could 
be considered for the prism. 

DanJoNn explained that it might be possible to use a 
combination of quartz plates cemented together, but 
he was doubtful whether the same stability of the 
angle of the prism could be obtained. The reason he 
did not believe in using quartz plates for the prism was 
that there would be air between the plates through 
which the light beam would be passing, which would 
not be the case in the solid glass prism: He remarked 
that on the surface of glass or quartz there always 
exists a layer of air of 5- to 10-mm thickness with a 
temperature different from the surrounding air. Such a 
temperature gradient gives rise to refraction which 
may cause deviations of several seconds of arc in the 
beam if the rays do not come in perpendicular to the 
surface. The only remedy he could think of would be to 
fill the prism box with helium which has a ten times 
smaller index of refraction and a much higher coefficient 
of heat conductivity than air. There would be a diffi- 
culty of retaining the pressure of the helium because it 
would seep through the walls of the prism. A solution 
would be to replenish the helium, but this would make 
the instrument rather complicated. 
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A Method of Constructing a Revised General Catalogue 
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This paper presents for discussion an outline of a method of constructing a revised General Catalogue. 
The main object in view is to ensure that the proper motions in the catalogue are free from the systematic 
errors in the older positional catalogues, yet retain the weight that they may contribute to the proper 


motions. 


HE Normal System N30 (Morgan 1952) was 
obtained by forming a fundamental normal posi- 
tion, completely independent of all previous work, for 
an epoch a little later than 1930. The proper motions 
were then obtained by comparing the new normal of 
any selected star with the position at the mean epoch 
in the Albany General Catalogue (GC), corrected for 
known periodic errors. These proper motions are evi- 
dently independent of the proper motions in either 
FK3 or GC. 

Comments on the merits of Morgan’s procedure are 
found in the discussion of the subject Fundamental 
Catalogues during the Conference on Astronomical 
Constants in Paris (1950). One of the criticisms ex- 
pressed was that it entails a considerable loss of weight 
of the proper motions as compared with a method in 
which the individual older catalogues are used. 

It is perhaps not generally realized that Morgan’s 
method was a compromise dictated by the circumstance 
that the author was advanced in years when he em- 
barked on the project. He considered it wise to limit 
himself to a task that he could reasonably expect to 
finish. The rejected alternative was an undertaking of 
such vast scope that he might be unable to carry it to 
completion, with the danger that the whole effort would 
be lost. cA 

As Morgan (1952) states in the Introduction td the 
N30, exploratory discussions with Dr. Clemence and 
myself (and, no doubt others) preceded the formulation 
of his definitive plans. This Conference offers me a 
welcome opportunity to present the contents of some of 
the notes on the subject that I contributed to these 
exploratory discussions. 

Two important causes of systematic errors affect all 
of the observational catalogues of the nineteenth 
century: the magnitude error in the right ascensions 
and the latitude variation in the declinations, The 
character of the variation of latitude is such that it is 
possible to free older catalogues to a large extent from 
its effect on the star positions, provided that records of 
the individual observations of each star are available. 
The magnitude effect is different; it varies so much 
from one observer to the next that no general formula 
can be adopted for its elimination. In the construction 
of the PGC, the GC, and the FK3, efforts were made 
to apply corrections for the magnitude errors in the 
older catalogues that were used in these general or 
fundamental catalogues. On the whole, these corrections 


appear to be reasonably satisfactory, but not definitive. 
As a consequence, the method of improving an existing 
catalogue by using the conventional equations for in- 
cluding modern observations can only asymptotically 
approach a system free from the uncertainties in the 
older catalogues. The only satisfactory solution appears 
to be an approach in which the system of the catalogue, 
both as to positions and proper motions, is initially 
based on modern observations alone. For the right 
ascensions most of the catalogues of the twentieth 
century may be used. For the declinations it would be 
possible to choose an earlier beginning date. The con- 
siderations presented below apply with some obvious 
exceptions equally to the right ascensions and the 
declination. 

The following order may be considered in forming a 
revised General Catalogue: 


1. Determination of the equinox and equator point 
from modern observations of the sun, moon, and 
planets. 

2. Selection of modern fundamentally observed 
catalogues to be used in forming the revised General 
Catalogue (GCR). 

3. Selection of a list of stars. A suitable starting list 
may be Morgan’s selection for N30. 

4, Calculation of the GC position for the equinox and 
epoch of the selected stars in each catalogue and forma- 
tion of the difference with GC, 


Cat—GC=AGC. 


5. Intercomparison of the various catalogues by 
means of the differences AGC for examination of in- 
ternal errors; correction of AGC for such errors and for 
equinox and equator point. 

6. Solution of x; and : for each selected star from all 
the selected fundamentally observed catalogues from 
the equation 


x1+yit= AGC (corrected). 


7. At this stage it may be desirable to divide the sky 
into a number of approximately equal areas. A possible 
division into 32 areas is: 


2 polar caps, +90° to +70°, —70° to —90° 

5 zones, each divided into 6 divisions in right ascen- 
sion: decl. +70° to +35°, +35° to +11°, +11° to 
41° 11° to: 35°, = 35° tor 10s 


R.A. 080 to 420; 450 to 850; 850 to 1250:. . ., etc. 
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8. Selection of additional modern catalogues that do 
not qualify as fundamentally observed. Calculations 
for the individual selected stars of AGC and 21+-yf*, 
where /* represents the epoch of the particular star in 
the particular catalogue. Then, 


GCR—GC=.41+-y1f* 
Cat—GC=AGC, 
and by subtraction 
GCR—Cat=21+yif*— AGC. 


The correction to be applied to the particular catalogue 
to be considered is the mean of all the values GCR— Cat 
so obtained for the selected stars: either for the cat- 
alogue as a whole or separately for each of the areas into 
which the sky has been divided. 

9. Application of the corrections so obtained to the 
positions of the individual stars in the various cat- 
alogues, and new solution for each selected star of 


x2+yot= AGC (corrected). 


The solution now includes all the modern material, both 
fundamental and differential. 

10. Discussion of residuals and revision of adopted 
weights and, if necessary, a revised solution. 

11. If desired, supplementary stars may now be 
chosen from among the stars in the nonfundamentally 
observed catalogues. With the aid of the systematic 
corrections obtained in step 9, they are reduced to the 
revised system. 

12. Next, any catalogue not considered free from 
magnitude and other systematic errors may be selected. 
For stars already in the new system, form 


GCR—Cat=x+yt*— AGC. 


For all such stars in any one of the 32 areas, these 
differences are used as the right-hand members of 
equations 


@(a—ao) +b (6—59) +e+d(m— mp) +e(m— mo)? 
=GCR—Cat, 


in which ao,6o is the center of the area, m the star’s 
magnitude, visual or photographic, mp a conveniently 
chosen mean magnitude. Especially in discussing the 
declinations, it may be desirable to add an additional 
term to the left-hand member, f(s—so), s designating 
the spectral class by a numerical scale, sp a chosen mean 
spectral class. 

After solution of the unknowns a, 6, . . . and sub- 
stitution of the solution, residuals are obtained that 
serve to assign appropriate weights to the catalogue 
positions. 

13. After all catalogues that are considered worthy of 
inclusion are so corrected to the revised system, a new 
solution is made for the individual stars of 


ax+yt=AGC (corrected). 
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This solution includes both modern and _ older 
catalogues. 

14. Application of the procedure outlined in step 12 
to older fundamental catalogues will yield a set of values 
for the unknown c for various epochs. These values 
should then be discussed for a possible systematic 
correction to the proper motions. Thus, in effect, the 
proper motion system ultimately depends not on the 
modern catalogues alone, but also on fundamentally 
observed older catalogues. 

Concluding Remarks. For all the steps described the 
GC position is used as an intermediary datum only; its 
only purpose is to simplify the prodecure. If considered 
advisable, a provisional revision of the GC might be 
undertaken at the very beginning of the project. 

The proposed arrangement is such that a great deal 
of use can be made of the positions published in the 
volumes of the Geschichte des Fixternhimmels, in pref- 
ference to the positions published in the original cat- 
alogue volumes. 

The introductions to the Yale Zone catalogues 
published since the publication of the Albany General 
Catalogue demonstrate how valuable a catalogue of the 
type of the GC is in photographic zone catalogue under- 
takings. An improved GC with stars added to make the 
spacing more uniform would be of tremendous aid to 
all future catalogue projects. 

For the northern hemisphere the best time to begin 
the work will be as soon as the definitive positions of 
the AGK3R are available. A similar project in the 
southern hemisphere would be of even greater impor- 
tance for the purpose of laying the foundations for 
assuring adequate precision of the southern stars. 
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DISCUSSION 


BROUWER remarked in the discussion of the 14 points 
of his paper that he did not pay any attention to the 
astrolabe observations as he was not too much aware of 
their importance at the time the notes were prepared 
in 1948. He felt that the astrolabe should be considered 
in connection with the construction of a modern general 
catalogue. He would also suggest that the FK4 should 
be added to the N30 in his point 3, because Dr. Fricke 
intends to base the system of proper motions in right 
ascension in the construction of the FK4 exclusively on 
twentieth century observations in order to avoid 
magnitude errors. 

ScHILT said that he had compared the proper motions 
of the N30 catalogue with the GC. Since the mean epoch 
of the GC positions was used as first epoch in construc- 
ting the proper motions in the N30 catalogue the proper 
motions in the two catalogues are independent while 
their mean errors are highly correlated. He had noticed 
that when a star has a proper motion with a probable 
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error of 0”002/yr or less in the GC, then the proper 
motions in the two catalogues are usually the same 
within 0001. For the stars with the large accidental 
errors of their proper motions in the GC he considered 
the N30 proper motions as being better. 

FRICKE admitted that a revision and extension of the 
GC must be considered as an urgent need. However, as 
far as the construction of a new system is concerned, 
he felt that it would not be possible to construct a much 
more reliable system than that of the FK4 within the 
next 15 years. He explained that any_investigation to 
construct a new system at the present time would have 
to make use of the same absolute catalogues which have 
been discussed in the construction of the FK4. The in- 
fluence of older catalogues which may have spoiled the 
proper motions of the FK3 to some extent has been 
eliminated as far as possible in improving the FK3. The 
only possible way to attain a better system than the 
FK4 seems to be to wait for new absolute observations 
in the future. Since a revision of the GC should not be 
postponed until more absolute observations will be 
available, the system of the FK4 should be accepted for 
the revised GC in the following sense: The work should 
start with a reduction of positions and proper motions 
of GC stars into the system of the FK4. From then on 
an individual revision of the data of all stars should be 
carried out. By treating each star individually, the 
zonal errors in a and 6 which were mentioned by Dr. 
Brouwer can also be eliminated. One could think about 
a method to evaluate the individual corrections from 
absolute and relative catalogues separately, so that one 
would be able to find still existing regional errors in the 
fundamental system by the use of the group of absolute 
catalogues. Of greatest value for the improvement of 
the individual accuracy of the GC will be the present 
observations for the AGK3R. Since this program is 
restricted to the northern hemisphere, it would be highly 
desirable if something like an AGK3R could be planned 
for the stars of the southern sky. He concluded by 
saying that there is a great interest in the construction 
of a revised GC at Heidelberg, and that also the work 
of improving the fundamental system will be continued 
at the Astronomische Rechen-Institut after the com- 
pletion of the FK4 as soon as new absolute observations 
will be available. 

Stoy remarked that he would very much welcome 
Dr. Brouwer’s suggestion in regard to a new general 
catalogue. There was a special need for it in the South- 
ern Hemisphere where the GC proper motions are 
notoriously poor. Since the GC was completed, most of 
the GC stars have been observed twice at the Cape. 
This material would make a significant improvement 
in the proper motions of the GC stars in the southern 
hemisphere. In addition there will also be photographic 
positions from —30° to —90° declinations which he 
felt should be incorporated. 

CLEMENCE wanted to know if Dr. Fricke would care 
to comment on Dr. Brouwer’s suggestion of using 19th 
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century observations for the determination of proper 
motions. 

Fricke felt that only observations later than 1900 
should be used. 

CLEMENCE stated that it was difficult to know when 
an early observation should be rejected. In connection 
with observations of the principal planets he felt that 
the old observations extending back to 1750 were still 
useful for some purposes. While the case of proper 
motions is not strictly.comparable to motions of the 
principal planets he would not advise deciding quickly 
to reject the 19th century observations. 

ScHILT remarked that since the probable error of a 
proper motion depends upon the time interval, the 
weight is quite different from that of a mean position. 
He thought that Dr. Brouwer’s suggestion of rejecting 
the old observations in forming the positions in the new 
general catalogue was excellent, but he thought that 
using the same procedure for obtaining the proper 
motions was dangerous. He did not think that it was 
possible to accumulate enough observations in 50 years 
to get proper motions which are accurate within 07001/ 
yr. Such proper motions are now available in the GC 
for the stars with a long meridian history. The com- 
parison with the N30 shows that this is correct. If the 
old observations were rejected, the accidental probable 
errors would become larger and the regional systematic 
error would be: determined with less precision. If, for 
example, the accidental errors were of the order of 7010 
it becomes problematic if a regional systematic error 
of "002 determined empirically is significant. 

CLEMENCE added that the case for a general catalogue 
differed from the case of the FK3. Having more stars 
in a region of the sky makes it possible to determine with 
greater precision the systematic errors of the old 
catalogues. 

FrickE was of the opinion that no statement could 
be made in advance in regard to starting with observa- 
tions made since 1900. At the Rechen-Institut the older 
catalogues are investigated for the purpose of — 
out what can be gained from them. 

DiecKvoss mentioned that he had checked observa- 
tions by Argelander and found some of them quite 
useful. He suggested using the Yale Catalogue and 
AGK3 to compute back to the old positions and com- 
pare them with the positions of the old catalogues and 
then decide whether they can be used. 

Danjon remarked that it may be possible to increase 
the observational accuracy to the extent that ten year: 
of modern observations would correspond to 100 years 
of old observations. He pointed out that the old observa:- 
tions not only lack instrumental accuracy but alsc 
lacked accuracy in reductions by the omission of the 
nutation and other corrections. 

OorT pointed out that it was not possible in genera! 
in a period of ten years to obtain observations of all 
stars for which proper motions were desired. It was not 
only the systematic errors of the proper motions that 
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we are interested in, but in many cases proper motions 
that are individually more accurate. It would certainly 
not be right to exclude all observations before 1885 
without having studied them very carefully. 
VASILEVSKIS suggested another test of the old cat- 
alogues in regard to their reliability. He felt that relative 
proper motions could indicate which catalogue could 
be used. In his proper motion work on IC 4665 he com- 
pared the relative proper motions of the stars he had in 
common with FK3 for reduction to absolute. A similar 
comparison with the GC revealed differences by as much 
as 0"05 in the yearly proper motions. 
VyssoTsky called attention to the importance of 
systematic errors in the study of the motion of the stars 
in the galaxy. If the motions of the faint stars are re- 
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duced to the GC system and solutions are made for 
galactic rotation in right ascension and declination 
separately, then the results differ. A similar reduction 
to the FK3 system gives practically identical results in 
the two coordinates. This indicates that the GC system 
has systematic errors in the proper motion. As a result 
of this, different distributions of stellar masses in the 
system of the galaxy are obtained dependent upon 
which of the two catalogues are used. He called atten- 
tion to the introduction to N30 where H. R. Morgan 
states that he obtained different values for solar motion 
and galactic rotation in right ascension and declination 
when separate solutions were made. This again showed 
that there were systematic errors in the proper motions 
of the N30 system. 
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The Astrometric Program at Sydney Observatory 


HarteEy Woop 
Sydney Observatory, Sydney, N.S.W., Australia 


A description is given of work on Sydney and Melbourne Astrographic Catalogues, and on minor planets, 
double stars, and preparation for zone catalogues. Errors of photographic astrometry are discussed and the 
conclusion reached that the one most urgently in need of reduction is plate error. 


C. RUSSELL of Sydney Observatory was a 
e member of the conference which in 1887 decided 
to compile by photography a star catalogue to cover 
the whole sky. Sydney undertook the section with plates 
centered from —52° to —64°, and Melbourne the sec- 
tion from —65° to the pole. It must be admitted that 
Sydney Observatory was one among the small institu- 
tions which, unfortunately, found this work a burden, 
but at that time there were few observatories in the 
southern hemisphere and it would have been difficult 
to do otherwise than to allot large shares of the work 
to southern hemisphere institutions. From correspond- 
ence at the time, it appears that Russell, and Ellery 
of Melbourne, expected some of the work such as the 
measuring to be done at northern institutions. This 
was not done and so the work was commenced, and 
ever since has occupied much of the energy of our 
Observatory. 

Tn recent years at Sydney we have managed to com- 
plete almost the whole of the work. Forty-one, out of a 
total of fifty-two volumes, are printed and we now can 
easily keep ahead of the printing rate which should en- 
able us to finish in about four years. After Melbourne 
Observatory was closed in 1944, the completion of the 
Melbourne section was undertaken by Sydney at. the 
request of the International Astronomical Union. At 
that stage, the first three of the eight volumes planned 
had been printed. Volumes four and five were in very 

_advanced stages of preparation while varying amounts 


of work had been done on the remaining volumes. An 
arrangement was made that Dr. Jules Baillaud would 
see the volumes through the press in Paris at the ex- 
pense of the J.A.U. Volumes four, five, six, andseven have 
been published, and the final volume is being prepared 
in Sydney. These two sections of the Catalogue were 
among the largest, and the Sydney zone in particular, 
which includes a long section of the richest part of the 
Milky Way, yields 743 593 star images on 1400 plates. 
In addition there will be more than 210 000 images in 
the part of the Melbourne zone published after transfer 
to Sydney. 

The Melbourne measures were made relative to the 
reseau printed on the plate by means of a short screw, 
the least count of the published measures being 0/001. 
There was a careful investigation, by J. M. Baldwin, of 
the errors of the reseau. Some of the Sydney measures 
were made in the same way, but most have to be done 
by the method introduced by H. H. Turner, which uses 
a scale in the common focus of the objective and the 
eyepiece of the microscope. The least count of these 
measures, and of all of the Sydney published results, is 
0”3. An estimate of probable error of the results may 
be made by comparing, for many stars, pairs of positions 
on different plates. This has been done for a number of 
batches of 50 stars and the result is that the probable 
error for a single Catalogue place remains near to +0736 
in each coordinate, irrespective of whether the stars are 
selected from either the Sydney or Melbourne Catalogue 
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or from either class of measurement. There are, of 
course, two Catalogue places available for a majority of 
the stars. Since doubt has been cast on the scale method 
of measurement, some plates of this kind have been re- 
measured with the result that the mean difference be- 
tween two measures made in this way is 2.6. This 
appears to verify that the probable error need not be 
large. 

Now that the preparation of the Catalogue is nearing 
completion, we are able to begin to exploit the old plate 
material for determination of proper motions. We are 
commencing with some interesting areas, including the 
clusters N.C.C. 2516, 3532, 4103, 6025, and I.C. 2602 
(6 Carinae), and with the variable stars on the list pre- 
pared by L. Plaut after the conference on the Coordi- 
nation of Galactic Research at Groningen in 1953. 

There are two programs of observation of minor 
planets. All that need be said of the first program is that 
we observe those minor planets which at opposition cul- 
minate south of the equator and, to avoid some dupli- 
cation, give preference to those with even numbers. This 
is by agreement with La Plata Observatory where the 
odd numbers are preferred. 

The other program is concerned with the observation 
of those minor planets which may be used for purposes 
of fundamental astronomy, including correction of the 
proposed Catalogue of Faint Stars. On each plate four 
exposures are made. Guiding on the minor planet is done 
in right ascension only, either by viewing the minor 
planet or, if this is too faint, by using a neighboring 
star and the guiding mechanism (Wood 1954). Two 
groups of three reference stars are selected and used 
separately for a three-star dependence reduction in 
which terms of order higher than the second are in- 
cluded. The separate results from the plate may. be com- 
pared in different ways. By comparing, for.a nurhber of 
plates, the mean of all results (i.e., for the six stars) for 
the first two exposures with the mean of the results for 
the last two exposures, and by adding the motion for the 
time interval according to the ephemeris, we obtain 
differences which imply a probable error of +0°004 
sec 6 in right ascension and +0706 in declination for 
the mean result from the plate. Incidentally, the change 
in parallax in right ascension, in an interval of only a 
few minutes, is appreciable in these comparisons and 
must be taken into account. If, on the other hand, all 
images are included and the mean result for one set of 
three stars is compared with the mean result from the 
other set of three stars, we find differences which imply 
probable errors of 08010 sec6 in right ascension and 
014 in declination. In the first comparison we find the 
error which is inherent in the method of measurement 
and in the second we add to this the errors which exist 
in the reference star places, including, of course, those 
in the proper motions used to bring the positions of the 
stars to the epoch of observation, errors due to differ- 
ence of magnitude and color between the two groups of 
stars and to emulsion shifts, which must be different for 
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stars in different parts of the plate. It may be worthy 
of mention that with the first kind of comparison, the 
implied probable errors when we use a fast plate like the 
Ilford Zenith Astronomical are 50% greater than when 
we use a slower plate like the Ilford Special Rapid or 
the Australian made Kodak Ordinary. Even when the 
greater bisection error of the faster plates is allowed for 
in the second way of comparison the faster plates yield 
a slightly larger probable error and this suggests that 
they may be more liable. to error from emulsion shift or 
from effects of color or magnitude of the stars. 

When Professor Jakhontova outlined the observa- 
tional program on minor planets for use in the KSZ 
work, she suggested that it would be of interest to obtain 
results by the use of plate constants as well as by the 
use of dependences. We have done this for several plates 
and always found that the difference from the results 
obtained by dependences was much less than the best 
probable error that could be hoped for. The dependence 
reduction provides a number of checks of both compu- 
tation and measurement, beside the intercomparisons 
the author has mentioned, and occupies less than half 
of the time and, therefore, we now use it exclusively. 

The standard astrograph is being used for photo- 
graphic measures of double stars although its focal 
length is much smaller than usual for this work. We 
find that for a single plate with 20 images, the mean 
error in one coordinate is 0"029 which, while not equal 
to the results obtained by instruments of long focal 
length, is appreciably better than a visual measure 
Stars with separation down to three seconds have beer 
measured. Provided that the stars are bright enough. 
the use of a plate of fine grain and high contrast gives 
sharper images which are measurable with greater accu- 
racy, and closer stars can be measured. The mean error 
of a single image for a process plate is 1.3 uw, for an “ordi. 
nary” plate 1.8 yu, and for faster plates it is clearly worse. 
although they have not been used enough to justify 
writing down a mean error. Measurements of an arti- 
ficial double are being made which justify the minimum 
distance measured. The components of the artificia. 
double are smaller in diameter than the resolving powel 
of the camera lens, which has the same focal ratio as 
the astrograph, and whose images resemble those taker 
with the astrograph under good seeing conditions. Ro- 
tating sectors are used in front of the artificial stars te 
control their magnitudes. Provided that the exposure 
is kept down as much as possible, it appears that double: 
may be measured down to 0.04 mm. If the stars are 
closer, comparisons of the computed and observed dis- 
tances begin to show discrepancies which become mor¢ 
marked with increasing exposure. 

We have diffraction gratings available and, sinc 
photographic effects are a limiting factor in this work 
we plan to see if a Barlow lens will yield any advantage 

At Sydney we have completed most of the prepara: 
tions for undertaking some zone work by photography 
The camera has an f/8 lens by Taylor, Taylor, anc 
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Hobson of scale 117’’/mm. Jt is planned to measure an 
area of the sky five degrees square, over which area no 
defect appears in the images. We have two gratings for 
which the differences in magnitude between the central 
and first-order spectral images are 377 and 2™5, the 
latter of which we intend to use in our program. The 
measuring machine is a long screw machine in which 
one coordinate is measured and then, to measure the 
other, the plate is turned through a right angle. The 
machine is very stable and after application of deter- 
mined corrections, has an accuracy of 0.2 u, on objects 
designed for accurate bisection. It is, of course, not so 
good for star images. In view of favorable published 
reports by Vasilevskis (1957) and others, we hope to 
make use of experience which is being gathered in the 
National Standards Laboratory in Sydney to arrange 
for electronic bisection of the star images. This lens and 
measuring machine were acquired in recent years with 
just this work in view. 

The first zone on which we will commence work is 
—51° to —56°. This is the northernmost part of our 
astrographic zone for which we have, of course, old 
epoch plates available. The basic list of stars to be ob- 
served comes from the Cape Zone Catalogue 1900 and 
the Cape Photographic Catalogue for 1950.0, Zone 
—52° to —56°. For the determination of the proper 
motions we will use, in conjunction with the new places, 
the positions from the Cape Astrographic Catalogue, 
from the Cape Zone Catalogue and from a remeasure- 
ment of the plates taken for our own Astrographic Cata- 
logue. For reasons similar to these which applied to the 
AGK2 we will not use old meridian places. 

The computing section of the University of New 
South Wales is calculating, with the automatic machine, 
standard coordinates of the stars on both the new plates 
and on the astrographic plates and all conversions be- 
tween different equinoxes. The punched cards with the 
results will be retained and we hope to compute the 
plate constants, enter the old epoch places, and pass 
the cards back to the machine to produce the Catalogue. 

The camera has now almost completely replaced the 
meridian circle as the instrument for the production of 
zone catalogues of many stars. The replacement has led 
to an appreciable increase in the accuracy of this kind 
of work and still further precision would be welcomed. 
In producing a catalogue of positions we aim not only 
to derive proper motion data for ourselves, but also to 
provide epoch positions which will serve a similar pur- 
pose for later workers. This requires that, as far as pos- 
sible, we should approach the increased accuracy that 
is sure to be reached by our astronomical descendents. 
In order to show this trend towards a higher standard, 
the acceptable accuracy of catalogues with equinoxes at 
intervals during the past hundred years may be gauged 
from weights published in the GC for positions based 
on five observations. Table I represents the mean for 
the two coordinates. The value for 1950 is based on 
currently published catalogues—usually positions are a 
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TABLE I. 
Equinox of Average probable Gc: 
catalogues error weight 
1850 0742 0.5 
1875 0.32 0.9 
1900 0.24 1.4 
1925 0.18 2.8 
1950 0.11 


mean from two plates. This is admittedly a little unfair 
to the previous values for it is equivalent in probable 
error to ten transit observations (Jackson, 1950). How- 
ever, it is about the standard which is now expected. 
This means that the weight of a proper motion based on 
two positions, the latter being about 1950, is not made 
greater if the difference of epoch is made nearer to a 100 
years than to 50 years. If system is taken into account 
the position is even worse. As Heckmann (1954) has 
pointed out, it was this kind of reasoning that led to 
the omission of proper motions from the AGK2 and 
leads us at Sydney to restrict the catalogues we would 
use for this purpose. The defects in existing values for 
proper motions are revealed by the correlation often 
noticeable between residuals in positions of reference 
stars on a reduced photograph and the proper motions 
which have been used to bring the positions to 
the epoch of the plate. It is natural for us to hope not 
to be left behind too soon by the progress which is 
bound to occur. So it may be worthwhile to examine 
present day procedures to look for ways in which im- 
proved accuracy may be reached. 

It is the business of the photographic observer to re- 
produce as closely as possible the system of the reference 
stars provided for him by the meridian observer. Two 
errors of a systematic kind depend on the position of 
the star on the plate, taken in turn with its magnitude 
and its color. These errors are assessed and removed by 
an empirical correlation of the residuals of the star 
positions with these variables (e.g., Stoy 1954). It, 
therefore, behoves the meridian worker to provide a 
set of reference stars which is not only a true system 
but also one which has a range in color and magnitude 
which will enable this investigation to be made. 

The errors of a more or less accidental character to 
be considered are, in order of increasing importance, 
errors of the measuring machine, errors of bisection of 
the star, and plate error, chiefly emulsion shift. The 
effect of these three errors is decreased by increasing the 
focal length of the telescope but not as quickly as the 
reciprocal of the focal length (Strand 1958). The smaller 
images of the short focal length instrument are, at least 
for visual bisection, bisected with greater accuracy. Be- 
sides this, the choice of a longer focal length leads to 
the use of either larger plates and measuring machines 
or of smaller areas of the sky on the plate and to the 
discarding of otherwise satisfactory equipment, so it is 
worthwhile to consider whether it may be possible to 
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reduce these errors which have been very little improved 
since the introduction of photographic astrometry. 

Provided that the errors of the measuring machine are 
properly investigated and the corresponding corrections 
applied, the errors which remain from characteristics of 
the machine are well below the other two and the next 
steps towards higher accuracy must come from the other 
two causes. 

The results quoted in the sections on minor planet and 
double-star observation show clearly that, at least for 
visual bisection, the accuracy depends to a marked de- 
gree on the type of plate used. When two plates of the 
same area, taken on the same night, have been measured 
and the measures on one reduced to the other by means 
of first-order plate constants, the average discordance in 
each coordinate between the positions of the stars has 
been 2.4 u, whereas, if a second measure of the same 
plate is compared in the same way with the original 
measure, the average discordance is 1.5 yw, even with the 
type of emulsion with the worst record for bisectible 
star images. These results are for the standard astro- 
graph. For the Taylor and Hobson lens, with the better 
star images, the ratio of plate error to bisection error is 
greater, one indication of this being in the minor planet 
results. We are making in this way trials of several 
emulsions before beginning to take plates for the cata- 
logue program. 

Custom seems to dictate that a contributor to an 
astrometic discussion should give his favorite quotation 
from Schlesinger. Here is one that fits my theme (Schle- 
singer 1937) : ‘“We see once more that the errors inherent 
in the plate are much greater than errors of measure- 
ment, so that in the present state of our knowledge any 
good method is practically as satisfactory as a perfect 
method would be.” Now it is clear that a general adop- 
tion of electronic bisection is about to yield an appreci- 
able improvement in measuring technique and the plate 
error will be left still further ahead in the position of 
enemy number one. : 

The parallax worker may try to reduce the effect of 
emulsion shift by using small configurations and to miti- 
gate it further by making exposures on the same plate 
with change of orientation of 180° between exposures. 
Neither of these devices is appropriate for the catalogue 
worker. He has to work over most of the area of his 
plate and the second artifice is obviously most effective 
only when we are interested, as the parallax worker is, 
in finding with as much accuracy as possible the position 
of one star among a group of symmetrically disposed 
reference stars. It becomes clear that the error must be 
attacked at its source; the emulsion shift must be re- 
duced. Although means have been found for ‘“an- 
nealing” the-emulsion by wetting and drying it in cer- 
tain ways, they have not been adopted because of gen- 
eral inconvenience, of uncertain effects on the sensitivity 
of the plate and lack of confidence in their reliability. 

Work on shift of emulsion has been done by several 
workers (Land 1942, Paloque 1957, Gollnow and Hage- 


HARLEY WOOD 


mann 1956). Gollnow and Hagemann have shown that 
the method of processing can influence to a great extent 
the shift of emulsion, and in particular, that precautions 
to minimize swelling of the emulsion are of value in 
reducing the shift. The larger plate error that we have 
found for faster plates may not be due entirely to emul- 
sion shift, as a high magnification often shows irregular 
clumps in the grain of the star images, which may well 
be sufficient to affect the bisection. 

It appears that, in order to define still more clearly 
the conditions which reduce emulsion shift and bisection 
error to the minimum possible, a whole-hearted attack 
on this problem would be justified. Cooperation with a 
manufacturer would be most desirable since it may well 
be possible to devise methods of manufacture which 
would produce emulsions which would swell but little 
during processing. This should not be unattractive to 
the manufacturer since, besides the needs of astrometry, 
there are several other fields, such as spectroscopy and 
photogrametric surveying, in which precise measure- 
ments on photographic plates are needed. 
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DISCUSSION 


DiecKvoss remarked on experiments at Hamburg- 
Bergedorf with the Turner method of using an eyepiece 
scale. The results were found to be more accurate than 
had been thought. For the Hyderabad zone which used 
this method the mean error was 0"3 for a star position 
from overlapping plates. 

ALDEN commented on the use of dependences and 
plate constants in minor planet work. If the minor 
planet changes position so the same comparison stars 
cannot be used, then the two methods give equal accu- 
racy. If, however, the positions of a minor planet are 
measured against the same reference frame, it is better 
to use the plate constant method because the depend- 
ence method changes the relative weights of the com- 
arison stars from exposure to exposure. 

VASILEVSKIS wanted to know if Mr. Wood had any 
suggestions in regard to reducing the emulsion shifts on 
the photographic plates. 

Woop replied that he had no definite suggestions, 
except perhaps to prevail upon the plate manufacturers 
to produce an emulsion which would shift less. This 
would not only be of interest to astronomy, but to other 
fields which need accurate photographic measurements. 
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Dreckvoss understood that an undercoating was 
used to make the film stick to the glass. Perhaps some 
research in regard to the best possible undercoating 
would be useful. 

STRAND thought that it would be better to de- 
velop the plates in a horizontal rather than vertical 
position, 

LuytTEN felt this was not important since the plates 
are left in a vertical position for drying for a much longer 
period than they are in the developer and hypo. 

- Woop remarked that he had not examined the effect 
of different development positions but had looked for 
effects originating from different drying positions, but 
did not find any. 

VASILEVSKIS said that studies of plate shifts have 
shown that shifts may occur which are larger than the 
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measuring error. The errors due to shift should be ex- 
amined as carefully as other instrumental errors. 

Woop pointed out that shift errors of the order of 2 
to 3 may occur, which is larger than the error of 
bisection done visually. Since in the future most bisec- 
tions will be done electronically with greater precision 
the shift error will have greater significance. 

BROUWER reported on the greater accuracy obtained 
at the Yale Observatory by using the automatic meas- 
uring machine at the Watson Laboratory. The reobser- 
vation of the +50° to +60° zone gave probable errors 
between +07085 and +07090 for the individual posi- 
tions, which is 15 to 20% better than was previously 
obtained by visual bisection. He further explained that 
the above error for a position in the catalogue was based 
upon two plates, and that the best previous results had 
probable errors of +07105. 
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The Observatory in Santiago 


F. RUTLLANT 
Observatorio Astronomico, Santiago, Chile 


The historic background of the 111-year-old observatory at Santiago, Chile, is reviewed with respect to 
its instruments, staff, programs, and plans in its new location. 


HE observatory in Santiago, Chile, was founded 

in 1848 by Lieutenant Gillis of the U. S. Navy. 

For four years he made observations of the planets and 
southern stars. When the work was completed in 1852 
the Chileans bought the observatory, the telescope, and 
other auxiliary equipment he had brought with him, 
and the observatory became the National Astronomical 
Observatory of Chile. In 1927 the observatory was 
transferred to the University of Chile. Three years ago 
it was decided to move the observatory to a new site, 
and construction of a rather modern complex of build- 
ings has already been started. The observatory has 
three major instruments. The largest is a Grubb 24-inch 
photographic refractor. As auxiliary equipment there is 
a four-prism Hilger spectrograph. It is intended to use 
the telescope in the future for photoelectric observations 
also. The second telescope is a 12-inch refractor by 
Heyde, which is being used for visual and for photo- 
metric work. The observatory also has a 13-inch Carte 
du Ciel type telescope by Gautier. Two international 
programs are being carried out with this instrument. In 
cooperation with Dr. Deutsch at Pulkovo, extragalactic 
nebulae are used as a reference frame for photographic 
proper motions. The other program entails photo- 
graphic observations of minor planets, some in co- 
operation with Dr. Naur in Copenhagen. The observ- 
atory has a Repsold meridian circle which is in a very 
good condition. It has been decided to modernize the 


instrument in regard to reading the circles by photo- 
graphic means and in the recording of the meridian 
passage. A Bamberg passage instrument of the elbow- 
type with a 9-cm aperture and 1-m focal length is also 
available. The observatory obtained last year three 
quartz-crystal clocks which are used in the Time Ser- 
vice. The observatory has always been responsible for 
the time service of the entire country. Since the observ- 
atory has quartz-clocks and personnel experienced in 
fundamental work it is in a good position to participate 
in the astrolabe program outlined by Dr. Danjon, and 
it is hoped that this conference will pass a recommenda- 
tion to the effect that an astrolabe be located at the 
observatory. 

Several plans have been worked out for the near 
future of the observatory and are briefly outlined below. 

Dr. Tuve of the Carnegie Foundation of Washington 
has provided 16 Yagi.antennas for observing solar radio 
noise at 170 Mc/sec. The antennas will be arranged in 
an array of 1.2-km length with an antenna every 80 m. 

In cooperation with the University of Florida and 
with the support of the National Science Foundation, 
several antenna arrays will be set up to measure radio 
noise from Jupiter and Saturn. The main idea is to have 
work done simultaneously with the station in Florida 
from approximately the same longitude and same dis- 
tance from the equator. The work will be done with 
special arrays working at 18 and 22 Mc/sec. 
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There is also a project with Dr. Kuiper in regard to 
a 60-in. reflector to be operated jointly by the University 
of Chicago, the University of Texas, and the University 
of Chile in the vicinity of Santiago. Three or four sites 
have been selected and Dr. Stock is in the process of 
having equipment installed for measurement of the 
astronomical seeing. With the Air Force Cambridge 
Research Center there are also plans of setting up an 
optical satellite tracking station equipped with a Baker- 
Nunn Camera and some other visual and photographic 
equipment to supplement the two minitrack stations 
now in operation in Chile. 

Drs. Brouwer and Schilt have promised to send two 
Danjon seeing telescopes to Santiago and it is planned 
to have Dr. Epstein investigate different places in Chile 
in regard to their suitability for astronomical work. 


DISCUSSION 


RUTLLANT concluded his paper by saying that he was 
pleased to be able to tell members of the Second Astro- 
metric Conference that the observatory in Santiago was 
taking an active part in establishing a new good observ- 
atory in the southern hemisphere. 

DIECKVoOSs inquired if the pivots and circles of the 
meridian circle were in good condition. 

RUTLLANT replied that they were, but that they 
wanted to use the photographic method to read the 
circles. 

Dreckvoss asked if they planned to photograph the 
circles directly, or set the microscopes manually and 
photograph the micrometer head. The experience at 
Hamburg was that the last method was the best. 

Scott pointed out that the choice of method de- 
pended upon the conditions of the circles, and: that at 
Washington there were no difficulties of background 
scratches interfering with the photographic measure- 
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ments of the circles. He then asked if there was a time 
schedule for moving the meridian circle. 

RUTLLANT replied that he expected the moving of the 
instrument would be completed in the first half of 1960 
and work could then start on modifying the telescope. 

ZVEREV wanted to know if the instrument had ever 
been used for any kind of meridian work before, and if 
so, how old was the telescope? 

RuTLLant replied that the circle was built by 
Repsold in 1908 and delivered in 1909, and that it was 
of the same type as the meridian circles in Cordoba and 
La Plata. It has been used for some work, but not in 
connection with star catalogues. The circle errors have 
never been investigated. 

BROUWER asked about the interest of students in 
astronomy in connection with producing young people 
for the work which is planned. 

- Rutiiant felt that improving the observatory by 
moving it to a new site had stimulated the students’ 
interest in astronomy. They have a group of students 
who have completed their work in physics and mathe- 
matics and who are quite interested in astronomy. With 
the aid of institutions in the U. S. A. like the Carnegie 
Institution of Washington and the National Science 
Foundation, he hoped their interest would be aroused 
to the point that they wished to become astronomers. 

Oort wanted to know if astronomy is a part of the 
regular curriculum for physics or mathematics. 

RUTLLANT replied that it was only a minor subject 
in the curriculum of civil engineers and teachers of 
mathematics. 

OortT then recommended that astronomy be included 
in the curriculum of physics because this would be the 
group from which the future astronomers would come. 
He then inquired as to the size of the scientific staff of 
the observatory. 

RUTLLANT replied that it consisted of five astronomers. 


THE ASTRONOMICAL JOURNAL 


VOLUME 65, 


NUMBER 4 MAY, 1960 


Notes on the Southern Station of La Plata Observatory and on Future 
Astrometric Work in the Southern Hemisphere 


SERGEJS J. SLAUCITAJS 
Observatorio Astronomico, La Plata, Argentina 


The Southern Station of the La Plata Observatory in Santa Cruz is planned for fundamental astrometric 
observations from a high southern latitude. In order to further meridian circle observations in the southern 
hemisphere, it is necessary to establish a committee for the unification and distribution of meridian circle 
work at different Observatories in accordance with their capacities. 


HE La Plata Southern Station “Félix Aguilar” 
at Santa Cruz, Argentina, (g=—49°50!7, \= 
+448™2) was planned as a permanent branch of 
La Plata Astronomical Observatory, especially for 
meridian circle observations of a fundamental character 


from a high southern latitude. 


i he 


For various reasons the work of construction has been 
paralyzed on several occasions, so that the station is still 
unfinished. However, the meridian circle building, with 
its rolling dome-shaped roof, is now complete, together 
with buildings for offices and living quarters of the 
observers. The clock-vault, the electric equipment, and 
other accessories are still lacking. Work on these is now 
progressing, with the expectation of completion by the 
end of 1959. 

In order to avoid dismounting the Repsold meridian 
circle at La Plata which is still in use there, negotiations 
are underway for the loan of a good circle now not in 
use. The station will have, at first, a Shortt free pen- 
dulum, a Riefler clock, and a multiple-pen chronograph. 

After a careful determination of the exact geograph- 
ical coordinates, the principal program in view consists 
of fundamental observations of the southern stars of 
FK3 and FK3 supp. 

Considering the fact that extensive observations with 
meridian circles are now being made at very few observ- 
atories, to such a degree, that only one or two observa- 
tional catalogues were available for the improvement 
of places of the stars of FK3 south of 6=—30°, and 
that meridian circle observations are the most pressing 
need of southern hemisphere astrometry, I propose that, 
in order to further meridian circle work in general, and 


especially to encourage fundamental meridian observa- 
tions, a resolution be adopted: 

1. Inviting all active observatories in the southern 
hemisphere to renew participation in fundamental 
meridian circle observations. 

2. Requesting that those southern observatories 
which possess meridian circles not now in use, renew 
work with them. 

3. Seeking to obtain by loan from the northern 
hemisphere, meridian circles for those southern observ- 
atories which possess none, but could use them. 

4, Establishing a committee for the unification and 
distribution of meridian work in the southern hemi- 
sphere. It would be the task of this committee to estab- 
lish uniform norms for fundamental observations; to 
select and assign programs in accordance with the 
capacities of the different observatories; to recommend 
systems of reference for differential observations; and 
also to consider in detail the problem of the photo- 
graphic observation of the positions of extragalactic 
nebulae. 


DISCUSSION 


FRICKE suggested that the recommendations made 
by Dr. Slaucitajs be discussed after the other reports 
from the southern hemisphere observatories had been 
heard. At that time, knowing their contributions, it 
would be easier to determine the recommendations 
needed. 

Oort asked about the climate of the Santa Cruz 
station. 

SLaucirajs replied that the climate is of medium 
quality with about 100 to 120 clear nights a year. 
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Perth Observatory 


H. S. Spier 
The Observatory, Perth, Western Australia 


The equipment and work of the Perth Observatory is briefly described. 


HE main equipment of the Perth Observatory con- 

sists of a 6-inch meridian circle and a 13-inch 

Astrographic Refractor. The Observatory also has a 

Shortt Free-Pendulum mean time clock and two seismo- 
graphs. 

Until recently the staff consisted of the Director and 
one general assistant, but during the past three years 
another astronomer and a second general assistant have 
been added to the staff. The staff was increased at the 
beginning of the IGY during which a seismological pro- 
gram was carried out in addition to the Markowitz 
moon camera project. By the end of 1959 the require- 
ments for the IGY and IGC will be completed. The 
astrographic work will then be expanded and a program 
of the redetermination of the pivot and circle division 
errors of the meridian instrument, preparatory to re- 
commencing meridian observations, will be started. 

It will be necessary to acquire or obtain access to a 
quartz crystal time keeper or a Shortt sidereal clock to 
obtain the same accuracy in the meridian observations 
as at other observatories. 

It will also be necessary to have the assistance of 
the U. S. Naval Observatory in the reduction of the 
observations that is being provided for the northern 
observatories. cel 

While some meridian work will be done with the 
present staff, at least two more staff members will be 
needed to increase the scope of the work. Since, ac- 
cording to Mr. Scott’s report, some of the observatories 
in the northern hemisphere have nearly completed their 


programs, there might be persons who would wish to 
assist in advancing a series of observations in the 
Southern Hemisphere. They would be most welcome to 
do this at the Perth Observatory. The main difficulty 
in the operation of the observatory is financial. Western 
Australia has a territory equal to one-third that of the 
United States, but it has less than a million population. 
Due to the large distances, costs of State Government 
operation are very high, which makes it difficult to ob- 
tain funds for the observatory. A strong recommen- 
dation from this Conference similar to the one already 
received from the I.A.U. might assist in increasing 
government support of the observatory. In the astro- 
graphic field, it is planned to reobserve the fields taken 
50 years ago, which are most important in current re- 
search. Other programs are the Deutsch proper motion 
program with respect to galaxies, the Plaut list of vari- 
able stars for proper motion, and determination of 
membership in open clusters, as well as the observation 
of comets. 

With the meridian circle, several programs have been 
suggested such as the FK3 supp. and the FK4 stars, the 
K.S.Z. stars, brighter minor planets as well as reference 
stars for the Perth zone and for the photographic sur- 
veys at the Cape and Sydney. 


DISCUSSION 


Dieckvoss suggested that the Observatory at Perth 
gain access to a crystal clock by contacting a radio 
station. 
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Report on the Cajigal Observatory 


J. ABDALA 
Cajigal Observatory, Caracas, Venezuela 


HE building of the new observatory has been 

started on a site in Caracas at a latitude of 
approximately 10°30’ north. Several instruments have 
already been purchased from the Askania and Zeiss 
works in Germany. Included in the purchase are two 
meridian circles, a Schmidt telescope, a double astro- 
graph, a photographic zenith tube, a 26-in. Zeiss 
refractor of 10.5-m focal length, a 40-in. Cassegrain- 
Coudé reflector, and quartz crystal clocks. There is also 
‘seismological equipment already in operation, and 
geomagnetic equipment has been included in the over-all 
operation. The instruments are still crated but it is 
hoped that they can be put into operation within the 
next 1} to 2 years. A big problem is that there are no 
| astronomers at the present time, but it has been planned 
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to send personnel abroad to study either in the United 
States or in Europe. 


DISCUSSION 


Oort remarked that the principal thing to be done 
would be to start a school of astronomy in Venezuela 
to educate students in astronomy and make them 
enthusiastic for astronomical work. He felt this was a 
difficult and rather slow and long process, but it would 
be important to have an observatory doing fundamental 
work so close to the equator as this observatory would 
be. Even if the climate is not ideal it should still be 
sufficiently good to allow a large number of observations 
to be made in the course of an entire year. 
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Report on the Cordoba Observatory Program 


L. Gratton 
Observatorio Nacional Argentina, Cordoba, Argentina 


The role of the Cordoba Observatory in the field of astrometry is briefly discussed. 


HE future of astrometric work at Cordoba does 
not look very promising at the present time. Like 
other Latin countries, the main difficulty is the lack of 
trained personnel. The Cordoba Observatory has a long 
tradition in astrometric work, but after the death of 
J. Bobone it has not been possible to replace him, and 
the other five astronomers are all astrophysicists. 
There are two schools of astronomy in Argentina, in 
Cordoba and La Plata, but it is difficult to find students 
who wish to work in astrometry. Nearly all of them 
want to work in astrophysics, so the continuance of the 
work in astrometry is a very serious problem. As far 
as technical personnel such as observers and computers 
are concerned, there is no problem, but there is a real 
need for a scientist to do the planning and the pro- 
graming of the work. 
There are two instruments in Cordoba for astrometric 
work, a meridian circle by Repsold, and an astrograph 
of the Carte du Ciel type. The meridian circle has been 
_ kept in very good condition, but it is located in the 

middle of the town, where it is not suitable for funda- 
_ mental work. It is expected that an agreement will be 
_ reached with the University of San Juan according to 
_ which the instrument will be moved near to San Juan, 
where observing conditions are much better than in 


| 


Cordoba, and where Dr. Nissen and the staff are willing 
to carry out meridian circle work. This appears to be a 
very good solution. 

The astrograph was used mainly for observations of 
comets during the past years, but plans have been made 
to start the reobservation of the Cordoba Astrographic 
Zone next year. It is also planned to start the observa- 
tions of the extragalactic nebulae according to the 
program by Dr. Deutsch of Pulkovo. A program which 
has just been completed is the photographic program 
by Dr. Plaut on variable stars in the southern hemi- 
sphere. The meridian observations for the catalogue of 
the south polar cap were completed four years ago, and 
the reductions are expected to be completed by the end 
of the year, and the catalogue published by July, 1960. 
It should also be mentioned that a new edition of the 
Cordoba Durchmusterung will be made using a photo 
print. 

In cooperation with the Smithsonian Astrophysical 
Observatory, observations of artificial satellites are 
being made at a station 100 km from Cordoba. The 
station has a Baker-Nunn camera and is operated by 
an astronomer from Cordoba and personnel from the 
Smithsonian Astrophysical Observatory. 

While this is not important as far as astrometry 
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in Argentina is concerned, it should be mentioned that 
a careful site testing campaign will be started shortly. 
The observatory at La Plata is going to build a new 
large station probably with an 80-in. reflector. The 
telescopes for the site testing have been built in the 
shop of the Cordoba Observatory and will be of the 
Cassegrainian type with aperatures of 30 cm. 

Just before his death Bobone was working on the 
definitive orbit of Comet Halley. He had completed the 
reductions of the observations and started on the 
preliminary orbit for the computation of the perturba- 
tions. 


Le (GRAAL OWN 


An agreement has been made with the Department | 


of Mathematics at the University of Buenos Aires for 
completion of the work on the computer which was 
recently purchased. 


DISCUSSION 


Scott wanted to know when the meridian circle — 


would be moved from Cordoba to San Juan. 
GRaATTON thought it would take a year before the 
telescope would be in operation. 
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Observatory at San Juan 


J. NIssEN 
Observatorio Astronomico, San Juan, Argentina. 


(Translated from Spanish by L. Gratton) 


The plans of the Observatory at San Juan are described briefly. 


AN Juan is a city of about 100000 population 
located in Western Argentina in a region covered 
with vineyards. The area is as seismic as Chile or 
California, and the city was almost completely des- 
troyed a few years ago by a heavy earthquake, but is 
being rebuilt. The latitude is 31° south, and the longi- 
tude a little west of Cordoba. At San Juan is located a 
branch of the University of Cuyo, and five years ago a 
small observatory was founded as an institute of the 
university. Until recently the work at the’ observatory 
was of a rather occasional character, but during the 
International Geophysical Year tracking was done of 
artificial satellites and observations made of the bright- 
ness of the night sky. It is hoped that very shortly the 
meridian circle of the Cordoba Observatory will be 
installed near San Juan. The meridian circle was built 
by Repsold and is nearly identical with the instruments 
in Bergedorf, La Plata, and Santiago. It is hoped that 
work can be started at once on some systematic pro- 
gram which would be important to the needs for more 
observations in the southern hemisphere. 

The first program will be, in part, a compensation to 
the Cordoba Observatory for the loan of the instrument 
and will include reobservations of the reference stars for 
the Cordoba Astrographic Catalogue. As soon as this 
program is completed, fundamental observations will 
be started, concentrating on declinations. 

Any suggestions in regard to improvement of the 
telescope and in regard to desirable observing programs 


would be gratefully accepted. It would also be important — 


if additional instruments such as an astrolabe and a 
wide angle astrograph could be acquired. The staff, 
consisting of three experienced astronomers and several 
young people, would be sufficient to carry out such 
work. 


DISCUSSION 


VyssoTSKy, in reference to the declination work, 


asked if the zenith point determination of the circles — 
would be done with the usual mercury basin and if the / 


building would be sufficiently wide to minimize the 
refraction effects inside the building. 
NIssEN replied that the building had not been built 


and that any good suggestions could be incorporated | 


in the building. 

ZVEREV asked why observations in declination only 
would be made. 

NISSEN replied that until a good time service system 
had been established this would be the best procedure. 

DaAnjon remarked that it was not necessary to have a 
good*time service system to observe right ascensions, 
as only a good chronograph is required. Moreover, it 


would be useful to start both kinds of observations at — 


the same time. 

ZVEREV suggested that enough ground be reserved 
for installation of meridian marks needed for absolute 
right ascension observations. 
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~The Cape Photographic and Meridian Programs 


Ro H. Stroy 
Royal Observatory, Capetown, South Africa 


An outline is given of the two positional programs it is intended to carry out at the Cape Observatory 
during the next ten years. The first is confined to observations of standard stars while the second seeks to 
extend the KSZ program to the south pole. The number of observations that can usefully be made of any 
individual star is discussed and the desirability of supplementing the visual meridian observations by 


special photographs is pointed out. 


T the Cape we have just finished observing a list 

of 7000 G.C. stars which will form the basis of 

the Second Cape Catalogue of 1950.0, and the Gill 
transit circle is being reconditioned in preparation for 


a new program. The Cape Photographic Catalogue for 


1950.0, the CPCS50, is also nearing completion. All the 
necessary astrometric observations have been obtained 
and the last series of photometric plates is now being 
taken. Thus we are in a position to begin new astro- 
_ metric programs in the fairly near future. 

Two programs seem equally desirable. The first is the 
fundamental observation of the various groups of stand- 
ard stars, viz the FK3, the FK3S, and the FKSZ, while 
the second is the extension of the KSZ catalogue from 
— 30° to the South Pole. As there is now only one transit 
circle available at the Cape, we are considering com- 
bining these programs into one and observing both lists 
concurrently. The fundamental stars in the first list 
must be observed simultaneously all over the sky and 
it is desirable for the observations to be spread evenly 
over as long a period of time as possible. For the second 
list, however, the observations can be made differen- 
tially and the stars observed by zones. Moreover, the 
more concentrated the observations are in time, the 
more likely are the results to be homogeneous. 

It has therefore been decided to divide the second list 
into four zones and to sandwich the observation of these 
zones between observations of the fundamental stars in 
the first list. Thus, the fundamental stars will be under 
continuous observation for approximately 10 years 
while the stars in any one zone will be observed on 
selected nights for a limited period, probably for not 
longer than two years. Further, it has been decided to 
strengthen the meridian observations of the zone stars 
by measurements of photographs taken with the camera 
which was used in the preparation of the CPCS50 and 
whose astrometric properties are consequently fairly 
well known. 

The star density originally proposed for the KSZ 
would give only 10 stars in an area of 4°54?5 which 
is all that is covered adequately-by this camera and its 
associated measuring equipment. This seems rather few 
and we have therefore decided to adopt for the zones a 
density of one star per square degree, which is compa- 
rable with that adopted at Brussels for the AGK3R, 


and to select one-half of the stars so as to conform as 


closely as possible to Zverev’s critera for the KSZ, viz: 


(1) annual proper motion less than 07040 per year, 

(2) spectral type G or K with m, between 7.5 and 9.1, 
Mpg between 8.5 and 10.4, 

(3) uniform distribution of one star every two square 
degrees, 

(4) no close companion to distort the photographic 
image, 


and the other half to be uniformly distributed between 
these Zverev stars but subject to less stringent limits as 
regards color and proper motion. 

The actual choice of stars was made by plotting all 
those in the appropriate Cape catalogues that satisfied 
Zverev’s critera for color, proper motion and duplicity 
and then selecting those that gave the most uniform 
distribution with a density of one star per square degree. 
In the sparser regions where there were insufficient stars 
satisfying the criteria, fainter stars had, perforce, to be 
included. The stars finally chosen for the zones —30° 
to —40°, —40° to —52° and —52° to —64° are set out 
in Cape Mimeograms Nos. 7, 8 and 9 (1958). Those 
stars which most nearly satisfy the Zverev critera are 
indicated by a Z, while the stars from FKSZ are indi- 
cated by ZF. The choice of stars for the remaining zone 
— 64° to —90° will be made as soon as that section of 
the CPCSO is sufficiently far advanced for a proper 
selection to be made. 

The approximate numbers of stars selected for the 
first three zones are 2880, 2863, and 2294, respectively, 
while the percentage distribution according to photo- 
visual magnitude and spectral type is as follows: 


—30° to —40° to —52° to 

—40° —52° —64° 

Brighter than 7.5 2.4% 4.8% 4.0% 
7.5—8.0 15.6 18.9 MNP 
8.1-8.5 21.8 24.4 28.1 
8.6—9.0 Bilis) 29.4 SBA Gs 
Fainter than 9.0 22.9 Peis) 12.0 

A 0.7% 1.9% 1.8% 
F 50 6.6 Sad 
G 19.4 20.8 19.2 
KO 35.3 39.7 38.8 
K2 18.1 16.1 18.2 
KS yi? 10.8 12.6 
M 4.0 4.1 4.3 


Tt will be noticed that approximately 20% of the stars 
selected are of magnitude 9.0 or fainter. Doubts have 
been expressed about the practicability of observing 
such faint stars with a transit circle. Such doubts are 
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probably groundless. Many of the stars have already 
been used as reference stars in connection with the prep- 
aration of the CPC50 and as such have been observed 
with the Cape transit circles; in particular, those south 
of —56° were observed with the Gill transit circle in a 
manner similar to that proposed for the new catalogue. 
The stars were observed relatively to a number of funda- 
mental stars in or close to the appropriate zone. Eight 
such fundamental stars were observed each watch. All 
the observations and reductions were made fundamen- 
tally, that is, a full quota of clock and instrumental 
corrections were determined and applied, but extra 
“night corrections” derived from the eight fundamental 
stars were applied to the observed places of the ordinary 
stars. The night corrections are, of course, available for 
strengthening the system of the assigned places of the 
fundamental stars. 

The experience gained from this previous work may 
be used as a guide as to what may be expected from a 
new series of observations. In the case of the —56° to 
— 64° zone observations, the probable error of a single 
observation after the application of the appropriate 
night correction was +0"20 in right ascension and 
+07"24 in declination. For the —64° to —80° obser- 
vations, the corresponding figures were +0724 and 
+0°26. For a single “fundamental” observation with 
the same instrument, that is, if no night correction is 
applied, the probable error is approximately +0730 in 
right ascension and +0735 in declination. Thus if each 
of the stars in the new list is observed four times, twice 
in each position of the transit circle, the probable error 
of the derived position relative to the system defined 
by the fundamental stars should be of the order of 
+0"11 in right ascension and +013 in declination. 
As these observations will be strengthened by photo- 
graphic observations, more than four meridian obser- 
vations would not appear to be justified. 

In the case of the —56° to — 64° zones of the CPCS0, 
the probable error of the photographic places of the 
reference stars as deduced from measures on two’plates 
was approximately +008. For the proposed catalogue 
only 20 stars per plate will have to be measured and 
the exposures can be so adjusted that the images can 
have the optimum size and density for measurement 
while the uncertainties in the distance corrections 
should be smaller because of the restricted range in 
color and magnitude of the stars being observed. The 
effect of these uncertainties will be still further reduced 
since it is planned to measure every star on four plates 
so arranged that each star will appear in a different 
quadrant on each of the four plates. It is not over- 
optimistic, therefore, to expect that the probable error 
of the star position finally deduced from four meridian 
observations and the measures of four plates will be of 
the order of +0706. Incidentally, the position of any 
star of similar magnitude and color to the catalogue 
stars can be deduced from the photographs with almost 
equal accuracy and relatively little extra work. 
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It may be possible still further to strengthen the po- 
sitions of these stars by using photographs taken with 
a specially designed four-component lens which was 
ordered from Taylor & Hobson in 1956 and which is 
now ready for delivery. This lens has a focal length of 
209 cm and a relative aperture of f/10. It has been de- 
signed so that the aberrations are corrected for the best 
astrometric performance between 5200 A and 6000 A 
and over a field of 5°X5°. For photometric purposes a 
wider range of wavelengths can be used and the field 
will be 7°X7°. The focal-plane yellow filter provided 
has a maximum transmission to the red of 5500 A and 
no transmission at all to the blue of 5000 A. This in 
conjunction with the Ilford Chromatic plates that it is 
intended to use for astrometric work should give such 
a narrow pass band that positional corrections de- 
pending on the color of the star will be reduced to an 
absolute minimum. In any case, this lens will have 
different and probably smaller positional corrections 
from those of the three-component lens now in use. 

The narrow pass band should also render easier the 
use of diffraction gratings for positional work. Should 
this prove to be the case in practice, suitable gratings 
will be used to tie the brighter FK3 stars directly into 
the system of the ninth magnitude stars and, with the 
help of faster panchromatic plates to extend this system 
to still fainter stars and possibly also to some of the 
brighter extra-galactic nebulae. 

The precise composition of the list of standard stars, 
which is to form the first part of the new program, is 
still under consideration. It is clear that it ought to 
contain all the FK3, FK3S, and FKSZ stars south of 


—30° in order to provide sufficient fundamental stars 


for the observation of the zone stars that form the sec- 
ond part of the program. What is not clear is the basis 
on which the selection of stars north of —30° and south 
of +30° should be made. Should few or many stars be 
selected? A few stars very well observed may not be so 
effective in defining the systematic characteristics of 
the star places as would rather more stars less well ob- 
served. Presumably there is not much point in observing 
an individual star more often than is necessary to reduce 
the accidental errors of observation below the system- 
atic errors introduced by instrumental and other causes 
not directly under control. 

Thus in the case of the Gill transit circle, it is arguable 
whether there is much to be gained by observing any 
star more than 10 times, five in each position of the 
instrument, which should yield star places with a prob- 
able accidental error of the order of +071. If this is 
the case, the number of stars that can be accepted in 
the first portion of the new program depends on the 
total number of observations that are likely to be made 
during the life of the program. Allowing two years for 
each zone, this life is not likely to be less than eight 
years nor more than 10 years. Because of other commit- 
ments the total number of meridian observations that 
can be made and reduced each year at the Cape is 


a 


CD Ee PIR O}G RIACMES 


about 10000. Thus the total number of observations 
likely to be made during the life of the new program is 
somewhere between 80 000 and 100 000. Of these, about 
50000 (=4X10000+ observations of fundamental, 
clock and azimuth stars) will be required for the second 
part of the program. This leaves between 30000 and 
50 000 observations for the first part of the program. 
About one-sixth of these will be required for clock and 
azimuth stars and for observations of the moon and of 
the major and minor planets. Thus there will be between 
25 000 and 42000 observations for the general stars. 


At 10 observations per star, this indicates a working 


list of between 2000 and 4000 stars. Thus there seems 
no reason why the new working list should not include 
all the stars in the FKSZ south of +30° and the greater 


' proportion of the FK3 and FK3S stars provided that 


they are fairly evenly spaced. 


DISCUSSION 


Stoy, in describing other astrometric work being 
carried out at the Cape Observatory, referred to the 
special lunar observations that were to be made during 
the I.G.Y. with the Markowitz dual-rate camera. He 
raised the question as to whether this program, in so 
far as it was intended to examine the figure of the earth, 
has been rendered obsolete by the possibility of using 
observations of the orbits of suitable artificial satellites 
for this purpose. 

VASILEVSKIS wanted to know the reason for using an 
objective corrected to the visual rather than the photo- 
graphic region. 

Stoy replied that in this way the color-magnitude 
effect and the effect of differential atmospheric disper- 
sion would be reduced. Moreover, since work has been 
contemplated on linking stars to galaxies, this appears, 
according to W. W. Morgan, to be a very favorable 
region to work in. He also mentioned that in the photo- 
graphic zone work the properties of the objective is in- 
vestigated from the residuals of the measures of the 
reference stars and from the measures in the overlap of 
the plates. Over the years the characteristic coefficients 
describing the properties of the objective have been 
constant. For the new lens it is intended to place the 
filter about 1 mm in front of the plate. 

VasitEvskis added that one should be quite con- 
cerned about the quality of the filter. Experience at 
Lick showed that even for a filter of supposedly high 
optical quality, considerable field distortion may occur. 

Dreckvoss suggested the filter to be in contact with 
the plate. 

STRAND remarked that there is a danger in having 
the filter in contact with the plate because a curvature 
might be introduced from the pressure of the plate. If 
the filter is placed 1 to 2 in. in front of the plate, the 
filter can be in a fixed position in the camera avoiding 
any bending of the filter, which is serious because it 
introduces a distortion as well as a prismatic effect. 
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CLEMENCE pointed out that in the program of photo- 
graphic observations of the moon there are three kinds 
of results to be expected. One is to learn more about 
the motion of the moon itself, which can just as well 
be done at observatories in the northern hemisphere. 
The second is the determination of ephemeris time and 
the third is the determination of the figure of the earth. 
For the determination of the figure of the earth ob- 
servations from South Africa and Australia are indis- 
pensable. For the determination of ephemeris time the 
necessity of observations in the southern hemisphere 
depends upon how precise we wish to make the deter- 
mination. This could usefully be discussed at this Con- 
ference. He also stated that some geodesists are con- 
vinced that the best way of determining the figure of 
the earth would be by means of suitable artificial satel- 
lites. Such satellites do not exist at the present and it is 
not certain they will exist in sufficient numbers; and if 
they do, there is the problem of suitable observing fa- 
cilities at the places on the earth where the observations 
should be made. Personally, he would prefer to see the 
photographic observations of the moon be continued at 
least for their geodetic value until a better method is 
actually in use. 

Stoy wanted to know if it was sufficient to have one 
or two observatories participating in the program, or if 
it was necessary to have a full net of stations. 

CLEMENCE replied that a full net of stations would be 
best. 

Stoy explained that the Cape Observatory had agreed 
to measure plates from three stations, Johannesburg, 
Japan, and Egypt, but had until now received no plates. 
(Dr. Stoy has reported that a large number of plates 
has since been received from Japan. Ed.) If the other 
observatories are going ahead with the program then the 
Cape Observatory will also do so, but otherwise not, as 
there is other work which should be done and which is 
more desirable. 

CLEMENCE remarked that the disposition of astro- 
nomical manpower is a very difficult problem, and it 
should be left up to the individual observatory to de- 
cide for itself how it can best utilize its manpower. 

STRAND wanted to know if Dr. Stoy had a measuring 
machine with a digitizer available so as to conserve 
manpower. 

Stoy replied that he expected a digitizer shortly and 
that some of the measures had been sent to Washington 
for reduction. 

HERGET returned to the question Dr. Stoy had raised 
in his paper, whether 50 observations of each observed 
fundamental star are justified. He suggested that Dr. 
Stoy make random samples of these observations for 
about five years. From these few cases it would be possi- 
ble to test whether a difference from the adopted values 
would lead to a systematic correction which would in- 
dicate if it was necessary to have so many observations. 

Sroy replied that in observing with the transit circle, 
the accidental errors of observations are smaller than 
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the accidental errors of the results, due to some intrin- 
sic error of the instrument itself. As long as the acci- 
dental errors of observation are below the intrinsic 
error of the instrument, there is no reason to make 
observation after observation. The sort of errors he had 
in mind were the systematic differences between obser- 
vations made with the instrument clamped east and 
west. These cannot be explained and there is no reason 
to assume that the mean of the observations from the two 
positions is the correct value. The best solution would 
be to get another instrument or use a different method. 
In analyzing the errors of observation he had found 
that observations on one clamp were more consistent 
than the observations on the other. To make the situa- 
ation more complicated, observations in right ascension 
are better on one clamp than the other, while the oppo- 
site is the case for the declinations. These findings were 
based on a large amount of material and appear to be 
real, and it must be concluded that the limit of accuracy 
of the observations lies in instrumental effects which 
cannot be controlled. 

Oort wanted to know how many observations of the 
moon they had obtained with the moon camera at the 
Cape Observatory. 

Stoy replied that they had made a series of 20 to 40 
plates for checking the instrument. Some of these had 
been measured and the data sent to Washington for 
reduction. They were now awaiting the results. In the 
meantime they wanted to use their time more effectively 
until a program is organized on an international basis. 

Oort asked how many observations should have been 
made at the Cape Observatory. 

Stoy replied that he thought it was of the order of 
100 per year. 

CLEMENCE stated that the aim was to get about 100 
observations per year from 20 different observatories 
and that the analysis of these observations would de- 
cide how far into the future it was desirable to extend 
the program. A few observatories had obtained 100 or 
more observations per year for more than a year, some 
had obtained none, and the rest have obtained numbers 
in between. The photographs from most observatories 
have only partially been reduced and it is too soon yet 
to say what the real urgency of the program is. 

Oorrt remarked that in Dr. Stoy’s case he would look 
into the matter of artificial satellites to have a clear 
idea of the relative merits of the two programs in the 
near future. 

Stroy felt that there were more highly paid astrono- 
mers and pseudoastronomers working in the field of 
artificial satellites than there were working in astronomy 
in South Africa. He felt that in view of the efforts going 
into artificial satellites there is sufficient justification for 
the astronomers to stay out of this field. 

Oort said that the problem of whether or not to 
abandon these moon observations is intimately tied in 
with the question whether or not the satellites will be 
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able to provide in the future the material needed for 
these problems. 

Stoy remarked that the artificial satellites had an 
efficiency factor of about 100 to 1. 

CLEMENCE agreed on this ratio if the geometrical con- 
siderations alone were considered. On the other side he 
said he knew of no astronomical results of any certain 
value which had yet been derived from artificial satel- 
lites. The principal difficulty is that the orbit cannot be 
determined accurately.on account of the unpredictable 
variations-of the atmospheric drag. He thought that it 
was an open question whether future artificial satellites 
will have any astronomical value or not and reserved 
judgment until some satellites were as high as 5000 miles 
or more. 

FRICKE wanted to know if the reductions for the 
Second Cape 50 Catalogue would be completed by the 
end of 1959. 

Sroy thought that this was likely as the reductions 
had been kept up to date. When he left home the right 
ascensions had been reduced and all the declinations, 
except for the last few months. He also wanted to point 
out that the results obtained from the azimuth stars 
showed that the FK3 system did not agree with the 
system of the Cape reversible transit circle. While the 
Cape Photographic Catalogue is constructed in the FK3 
system, difficulties arise as the south pole is approached 
because the corrections which are applied to the obser- 
vations make them worse than they were before. It has, 
however, been decided to retain the use of the FK3 
system for the polar section of the Cape Photographic 
Catalogue, even though there are clear indications that 
it does not agree with the Cape instrumental system. 

Scott remarked that the experience of Dr. Stoy in 
the analysis of the Cape meridian circle observations is 
very much the same as that in other places. In the way 
the reductions are made in Washington it is possible to 
divide the errors of observations into three categories. 
The mean error of the readings of the four microscopes 
averages +0715. A study of the bisections in zenith 
distance shows a mean error of a single bisection to be 
-++0"28. On the basis of this it was decided to make four 
bisections for each zenith distance so the two contrib- 
uting errors are the same. Combined they give a mean 
error of +0722, while the actual mean error of one ob- 
servation is +0730, thus leaving half of the total error 
unexplained. In regard to the number of observations 
to be made of each FK3 star, he remarked that at 
Washington it has been the practice for a number of — 
years to observe the general run of FK3 stars eight to 
10 times, while the clock stars and azimuth stars are 
observed much more frequently. Referring to the list of 
reference stars which Dr. Stoy had selected from —30° 
to — 64°, and which represents an extension of Zverev’s 
list south of —30° declination, it should be noted that. 
some years ago the Naval Observatory expected to 
select and observe its own reference stars from the 
North Pole to about —25° declination. A list was 
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selected from 0° to —25°. In making the selection 
spectral classes were ignored entirely; however, cor- 
rections for absorption were applied so as to make the 
observed magnitudes appear as 8.9 or brighter at 
Washington. 

STRAND felt that Dr. Stoy had been too pessimistic 
when he had expressed disappointment at not reaching 
a higher accuracy in the star positions in the new cata- 
logue, which had probable errors of -+0°019 as compared 
to +-0°022 in the earlier ones. This actually represented 
an increase in weight of 25%. 

Stoy emphasized Dr. Danjon’s earlier remark that a 
Shortt clock is sufficiently accurate for meridian work 
because of the observations of the clock-stars. He sug- 
gested that he would like to bring up the question of 
the selection of the fundamental star list. 

FRICKE thought it would be highly desirable to get a 
new general catalogue and the real problem would be 
to get a good system. Dr. Brouwer had proposed the N30. 

This catalogue together with the FK3, or FK4 and FK4 
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supplement would have about 3000 stars and form a 
good basis. 

CLEMENCE agreed with Dr. Fricke and said that he 
felt it was more important to observe the FK3 stars with 
many instruments rather than many times on one in- 
strument. He thought that all instruments must con- 
tinue to observe these stars forever, but not very 
frequently. 

Sroy said that there was no question that they would 
observe everything they could south of —30° decli- 
nation, but they needed guidance in regard to thinning 
out the list from the equator northward. 

FRIKE felt that it would be wise to thin out the list 
from the equator to +30° declination, because, as he 
had previously pointed out, it probably would be neces- 
sary to leave out the Cape observations of these north- 
ern stars on account of the very good values obtained 
from the northern observations. If this turns out to be 
correct then it is not important to have these stars on 
the Cape program. 
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Astrometric Problems in the Southern Hemisphere, Desiderata on 
Parallaxes and Proper Motions 


Witiiam J. LuyTen 
University of Minnesota, Minneapolis, Minnesota 


This contribution will deal mainly with special and smaller astrometric problems in the southern hemi- 
sphere, rather than with extensive systematic ones. First of all we should perhaps narrow the scope of the 
southern hemisphere to mean only that part of the sky south of, say, declination —15° or —20° since the 
area between —20° and 0° is generally fairly well observed and taken care of by observatories in the 


north. 


HE perennial problem of the future use and of a 
possible repetition of the Carte du Ciel should be 
discussed. In general—with the exception of the Cape 
Zones—the plates used in the southern zones were taken 
at rather later dates than those in the north (around 
1915 for Tacubaya, 1921 for Hyderabad, 1912 for 
Cordoba, 1908 for Perth, 1910 for Sydney and Mel- 
bourne). A large part of the southern zones have been 
done in the Oxford manner, i.e., the catalogue positions 
are given only to the nearest 0.001 of a reseau interval, 
or to 03; hence, these printed positions do not use the 
greatest possible accuracy of which the plates are 
capable. 

Because of these reasons I do not feel in favor of 
repeating the southern Carte du Ciel in a wholesale 
manner, but, since the southern plates are of more re- 
cent date, we need not really decide this now but can 
easily wait until results become available from the repe- 
tition of the earlier northern plates. 

The case stands differently for the repetition of some 


plates for limited programs of special types of objects, 
though here again a little more discrimination and com- 
mon sense need to be employed before we organize 
large cooperative efforts. Thus, it was suggested some 
time ago that accurate proper motions of white dwarfs 
be determined this way. But the total number of white 
dwarfs bright enough to show on Carte du Ciel catalogue 
plates is only about 50 and one person could easily 
measure all of them in a few months’ time. Moreover, 
all white dwarfs brighter than 13.0 have large motions, 
and there seems to me little point in trying to measure 
their motions with too much precision. This hardly 
seems a project for which to arrange international 
cooperation. 

Variable stars—Cepheids, RR Lyrae stars, Long- 
Periods, and all the scarce, specialized but very im- 
portant types are numerous enough to make it worth 
while to get accurate proper motions for them. In many 
instances the southern Carte du Ciel plates and the 
Harvard Bruce plates are the only early-epoch plates 
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extant, but the importance of determining these proper 
motions has been mentioned many times before and 
need not be stressed again. 

I would like to add at least one more group of stars 
for consideration, viz, the faint blue Coronal stars of the 
Zwicky type. Conservatively estimated there should be 
at least several hundred such stars south of —20°, 
bright enough for the Carte du Ciel plates, and I believe 
that from such plates, and with intervals of 50 years or 
more, we could determine proper motions with errors 
around 0003. At Minnesota we have measured motions 
for about 150 of these in the northern hemisphere, but 
at present not a single proper motion is known for any 
Coronal blue star south of —20°, although there are 
more of these stars known in the southern hemisphere 
than in the northern. 

Some of these stars may turn out to be ordinary 
main-sequence stars—and therefore of high luminosity ; 
virtually none of them is a white dwarf and the vast 
majority will probably be stars with absolute magni- 
tudes between + 1 and +7 and with motions of the order 
of 07020 annually. We still have no idea whether they 
all lie on a single sequence, or are divided into two or 
more groups, especially since the spectroscopic picture 
is far from clear, while, in addition to this, photoelectric 
colors are not yet capable of resolving the difficulty. 
More proper motions are urgently needed if we are to 
unscramble the present confusion and form a clear 
picture of the nature, distribution, motions, and origin 
of these stars. 

This seems especially important since it has a bearing 
on another problem which is now engaging the attention 
of astronomers, viz, that of absolute proper motions. 
We all know of the plans to erect in the southern hemi- 
sphere a duplicate of the Lick astrograph and to take 
plates for the determination of proper motions of faint 
stars relative to faint galaxies. I should like to say here, 
again, that it was a matter of great regret to me that the 
ADH telescope—which after all has not been a very suc- 
cessful telescope to date—was cannibalized from the 
mounting of the Bruce telescope, thus putting that ven- 
erable warhorse of astrometry on the shelf (excuse the 
mixed metaphor). Yet there must be in existence at least 
50 to 100 good Bruce plates, now 50 to 60 years old which, 
if they were repeated now would give us invaluable data 
on just that point: the feasibility of measuring absolute 
proper motions against faint galaxies. To be sure, the 
Bruce images are not as good as those obtainable with 
the Lick astrograph but this may well turn out to be 
an advantage as there will be less difference, on the 
Bruce plates, between the character of the images of 
stars and of galaxies, and hence less danger of systematic 
error. Moreover, if the Bruce plates had been repeated 
we could get preliminary results and gain a lot of ex- 
perience now, whereas, with the Lick astrograph we 
cannot expect much in the way of results before 1980, 
and from the southern instrument not before the year 
2000. 


The faint blue stars mentioned above may well pro 
vide another and perhaps better solution to our problem 
As I have pointed out before, these stars keep on in. 
creasing in numbers as we go to fainter magnitudes ir 
such a way as to suggest a constant density at least a: 
far as m=18. Down to the limit of the Palomar 48’ 
Schmidt plates (m= 21) there are at least 25 suchstar: 
per square degree, and Zwicky tells me that on 200’ 
plates they keep on increasing down to m=23. By 
assuming for the moment that their average absolute 
magnitude is-around +3 then, with m=21, their dis. 
tance would be 40 000 parsecs. Hence with a mass fo1 
the galaxy of the order of 10", their velocity would be 
of the order of 100 km/sec. The motions of these star: 
relative to the sun might thus be expected to be of the 
order of 100 km/sec again, with the above distance 
u=0"0008, and an internal dispersion not much large! 
than this. In other words we have, in these blue stars, ¢ 
numerous group of objects which potentially may be 
better suited for the determination of absolute prope! 
motions than faint galaxies especially since they ar 
stars and are therefore not subject to the—as yet largely 
unknown—systematic errors associated with the images 
of galaxies. 

On the Palomar plates one can often get measuring 
errors no larger than 1-2 y; hence, repetition of plate: 
of this kind after 40 to 50 years should yield prope 
motions with individual errors of the order of 0700: 
annually. It seems to me, therefore, that it would be 
highly desirable to have, in the southern hemisphere, ar 
exact replica of the Palomar 48” Schmidt. Not only 
would such an instrument serve a crying need in the 
extension of the Palomar Survey Atlas, and in exploring 
the Magellanic Clouds and numerous other problems 
but it would, because of this, be a telescope in continuous 
use instead of standing largely idle as the astrograph is 
likely to do while we are waiting for the early epock 
plates to become old enough to be repeated. 

Among the other astrometric problems in the southerr 
hemisphere I should like to stress that of determining 
accurate orbital motions for binaries containing white 
dwarf components. To date we know the masses of! 
only three white dwarfs but for two of them the spec- 
troscopic and photoelectric observations are difficult ii 
not impossible because of their very luminous primaries. 
Hence we really have only one white dwarf for which all 
important astrophysical data are well observed—hardly 
enough of a base on which to erect the imposing struc- 
tures which theoreticians are now developing. 

There are now known some 40 wide binaries contain- 
ing one red and one white dwarf component, about half 
of them in the southern hemisphere. If accurate relative 
positions can now be determined with long-focus instru- 
ments it should be possible to get orbital motions for 
them in about 25 years time. If similar observations can 
be made on ‘‘control” binaries, composed of main- 
sequence red dwarfs, and of about the same magnitude 
and proper motion, we ought then to be able to deter- 
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mine, at least statistically, what the masses of white 
dwarfs actually are, instead of continuously reiterating 
what they should be from pure theory. 

Finally, since no other participant of this conference 
—at least according to the preliminary announcement— 
seems to discuss parallaxes let me put in a plea for a 
continuation and even expansion of parallax work in the 
southern hemisphere. There are still large numbers of 
important types of stars, especially faint stars in the 
southern hemisphere for which no parallaxes have been 
determined even though these should have quite meas- 
urable values. In the whole sky there must be, conserva- 
tively, 2000 white dwarfs with parallaxes larger than 
0020; hence there should be several hundred promising 
objects for parallax work. There are thousands of main- 
sequence red dwarfs to select from, large numbers of 
high-velocity stars, possibly a number of ‘‘intermedi- 
ates”’ with measurable parallaxes, and all of the red- 
white-dwarf binaries mentioned above, including the 
only known double white dwarf at —37°. The faint blue 
Coronal stars probably have parallaxes too small to be 
attractive to parallax observers, still, it would be im- 
portant to check these small parallaxes for at least a 
dozen or so of them. This is not the time or place to 
mention actual observing lists, nor to publish them but 
this is something that can easily be taken care of pro- 
vided we can get the observers interested in the problem. 
Some of the most interesting objects among these stars 
are so faint that they can be approached only with large 
reflectors and I should like to close, therefore, with an 
urgent plea that some observing time with the large 
reflectors in the southern hemisphere be set aside for 
parallax work on very faint stars. 


DISCUSSION 


VASILEVSKIS agreed with Dr. Luyten that it was un- 
fortunate that the Bruce telescope had been dismounted, 
but he took exception to the statement that because 
the Bruce plates were of poorer quality than the Lick 
plates the systematic differences between images of the 
stars and the galaxies would be less. While there is 
nothing easier than taking poor plates, such a procedure 
should not be followed. On the contrary, plates of the 
highest possible quality would be the aim, and to mini- 
mize possible systematic errors at least 50 galaxies, and 
perhaps 70 or more, would be measured on each plate. 
In this way it can be expected that the asymmetries of 
the galaxies will be distributed at random. The indi- 
vidual measurement of a galaxy is less accurate than 
that of a star but, in using 70 galaxies, the accidental 
error of the whole reference frame will be at least eight 
times smaller than the error of the measurement of an 
individual galaxy. The problem is quite different for the 
stars. If one is interested in the proper motion of the 
individual stars there is only one image of each star to 
be measured, and repeated measurement of this image 
will not materially increase the accuracy of the proper 


motion. For this reason the images of the stars should 
be as symmetrical and as small as possible to give the 
best results. 

LuyreN said he had not meant to advocate taking 
poor plates in order to improve the accuracy. He sug- 
gested that if the aim was the smallest possible image, 
a Schmidt telescope should be used. 

VASILEVSKIS remarked that if the images became 
extremely small, then the number of grains forming the 
individual image would be very small and local fluctua- 
tion insensitivity could cause systematic errors. 

Morcan thought that in regard to the suggested use 
of the blue stars as a frame of reference there would be 
some difficulty in intermediate galactic latitudes, where 
there would be a certain amount of interstellar redden- 
ing. This would interfere with the discovery of the halo 
blue stars. These difficulties would not arise in case of 
the galaxies which could be recognized from their shape. 

Oort felt there were two difficulties in using the blue 
stars as a reference system. In the first place, because 
they are blue they have colors rather different from 
stars to be measured in general. Secondly, little is known 
about the absolute magnitudes of these stars. And even 
if we knew a little more about the absolute magnitudes 
of the brighter blue stars, it would not be certain that 
stars of the 20th or 2ist magnitude with the same color 
characteristics would have similar absolute magnitudes. 
For these reasons he thought that the method of using 
the galaxies as a reference system was much to be 
preferred. 

He was very much in agreement with Dr. Luyten 
in his wish for instruments that could measure paral- 
laxes of faint stars. He understood that there is a plan 
for such an instrument in the northern hemisphere and 
wished that a similar plan could be worked out for the 
southern hemisphere. 

Gratton had some questions in connection with this 
problem. They are at the present building a Meinel 
camera for the 50-inch Cordoba reflector. Could such a 
camera be used for observations of this kind? Also they 
have plans for building a moderate size telescope of the 
Ritchey-Chretien type and he would like to know if 
it would be suitable for astrometric work of the kind 
first mentioned. 

LuyTEN said that he did not know the Meinel camera 
from personal experience, but he had used the zero 
corrector for the 36-inch at the Steward Observatory 
and had found the plates useless for parallax accuracy. 
If fair positions and proper motions are needed from 
plates taken at 30-year intervals, this is one thing but if 
the accuracy needed for parallax work is desired then 
the zero corrector is not suitable. Dr. Baade had told 
him the same in regard to the correcting lens for the 
200-inch. In reply to Dr. Vasilevskis he remarked that 
if there were 70 galaxies measured on each plate then 
the probable error would go down by a factor of eight. 
This could not be decided a@ priori but had to wait until 
the actual reductions were made. If the faint blue stars 
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were used, then the motion of any star could be de- 
termined from measurements over a very small area 
of the plate, but if 70 galaxies were used then the whole 
plate has to be used. While it is true that according to 
statistical theory, the differences in orientation, color 
effects, and centering should average out, it is not cer- 
tain that a combination of slight distortion produced by 
the lens and the other effects would not cause systematic 
effects over the whole plate. He did not wish to give the 
impression that he wanted to replace the galaxy program 
with a blue star program. He desired to supplement it, 
because there might be all kinds of difficulties in the 
galaxy program that would takea long time to straighten 
out. If it is possible to bridge the gap from magnitude 
8 to 18 as is now done in the Lick program then it should 
be possible to bridge another 2 to 3 magnitudes, and in 
this way obtain accurate proper motions for a very 
much larger number of stars. As of now the absolute 
magnitudes either on the average or in the dispersion of 
the halo stars are not known, but if the program he 
suggested were carried out this might be known. 

ZVEREV mentioned that the problem of using galaxies 
as a reference frame is quite complicated. The Pulkovo 
program made a special selection of the regions which 
are suitable for astrometric measurements and have 
enough bright galaxies. Each region is photographed at 
no less than three observatories, and each observatory 
takes no less than three plates of each region. Only 
differential methods of measurement will be used. It 
is especially interesting that the Lick and the Pulkovo 
programs use different galaxies. Since they are of differ- 
ent magnitudes and distances, a comparison of the re- 
sults will be of great interest. 

STRAND advised against using a Meinel camera on the 
Cordoba reflector for parallax work because of the dis- 
tortion of the field introduced by the camera. He felt 
the reflector could be used as it is, for faint stars with 
fairly large parallaxes, as long as no ultimate accuracy 
is required. : 

Danjon said he had no experience in parallax work 
and could only express his opinion from his knowledge 
of optics. If parallax work were to be done with a re- 
flector it should be done at the prime focus, since the 
secondary mirror would introduce large errors. These 
errors are introduced by the secondary mirror not 
having an ideal form, and by its variations from day to 
day. There would also be the trouble from only a small 
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coma free field. He would advocate the use of a reflector 
with a focal ratio of f:8 and work in the prime focus. 
The use of a Ritchey-Chretien reflector or a Meinel 
camera would be entirely unsuitable. He explained 
further that he had recently seen the temperature effects 
on a flat mirror of about 20 inches diameter. Although 
it was made of fused silicate with a very small coefficient 
of expansion, it still showed temperature effects that 
caused different zones to show quite different aberrations. 

STRAND mentioned that there had been discussions 
about an astrometric reflector during recent years at 
various conferences. There are now plans at the U. S. 
Naval Observatory to build a 60-inch reflector with a 
focal ratio of f:8 or f:10 for astrometric purposes. A 
folded system is planned because of the large focal 
length. The secondary mirror would be flat and mounted 
as rigidly as the primary is in a modern reflector. To 
avoid the coma it is planned to have a correcting 
system fairly close to the focal plane. From discussions 
with various opticians it appears possible to avoid the 
coma effect for an area of }X} degree without serious 
distortion in the field. 

FRICKE remarked on the history of measurements of 
spiral nebulae. It has been stated that this is a new 
problem but there exists a book written by Laplace in 
1790, Exposition du Systeme du Monde, in which he 
deals with the question of the best possible reference 
system and suggests the use of spiral nebulae with a 
steep gradient towards the nucleus so they could be 
measured accurately. In a later edition this remark is 
deleted, so perhaps Laplace had some doubt about this 
statement and left it out in later editions. 

VASILEVSKIS returned to Dr. Luyten’s remark that 
one should be very careful that the reference systems of 
the galaxies and the stars are the same. If positions on 
two plates of the same field are compared, they will 
satisfy the equation Av=a-+bx«-+cy+---Au, and pos- 
sibly higher-order corrections. Ay, is the proper motion 
term which will be zero for the galaxies. In this way the 
plate constants are determined from the galaxies and 
the proper motion term determined for the stars. If 
two plates were taken a few days apart the term Ay, can 
be left out for the stars also. In this way the constants 
for the reference frames can be computed both from 
the galaxies and from the stars and be compared. On 
the basis of many plates no differences have been found 
in the two reference systems. 
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‘The Lick Proper Motion Program 


S. VASILEVSKIS 
Lick Observatory, Mount Hamilton, California 


The plan of relating the Lick proper motions to those based on meridian circles is briefly outlined. A 
question is also raised whether positions of stars should be determined at Lick. 


HE Lick proper motion program was initiated by 

W. H. Wright. The idea was to determine accu- 

rate proper motions with reference to galaxies and to 
determine certain constants, particularly the correction 
to the constant of precession. For the second problem a 
_ comparison is made between the measurements referred 
‘to the galaxies and those based upon meridian circle 
observations. For this purpose arrangements were made 
between the U. S. Naval Observatory and the Lick 
Observatory that the same stars would be observed in 

_ both places. At the time the author was put in charge 
of this program he investigated the range of magnitudes 
which could be measured. He found they could be 
measured at three levels, 8, 12, and 16 mag., by using 
gratings and two exposures on each plate. Unfortunately, 
the grating spectra were so close to the central image 
that the range of magnitudes was quite narrow. The 
next step was to find out how many of the bright stars 
that could actually be measured could also be observed 
with the meridian circle (Vasilevskis 1953), and whether 
the Washington meridian circle program really con- 
sisted of stars which could be measured in the Lick 
program. After receiving the Washington star list it 
was found that many of them could not be measured at 
all because they were too bright. The agreement was 
then made that the author would examine each plate 
and select stars bright enough to be observed with the 
meridian circles and still measurable on the plates. A 
part of this list was sent to Mr. F. P. Scott for inclusion 
in his observing program. Then came the Evanston 
Conference and Dr. Heckmann (1954) proposed the 
AGK3, and was anxious to have reference stars for this 
catalog. As it was learned at this conference, the total 
number of active meridian circles is very small and it 
would be unwise to involve them in more work than was 
actually needed. For this reason it was agreed that 
Washington would select stars which would serve as 
reference stars for the AGK3 rather than selecting stars 
from the Lick program. Since it is possible to find a 
sufficient number of AGK2 and AGK3 stars which can 
be measured on the Lick plates it is possible to relate 
the proper motions to the AGK3-AGK2. In this way 
corrections to the precession constant can be obtained, 
because all the proper motions based upon the AGK3-— 
AGK2 would involve errors of precession, while the 
Lick program done differentially with reference to 
galaxies would not involve such errors. A comparison 
of the AGK3-AGK2 with the Lick data would provide 
the results originally aimed at and the Lick program 


would only supply the proper motions. In a discussion 
with Dr. Clemence and Dr. Morgan the question was 
brought up whether in addition to the proper motions, 
also to publish the positions of the stars which can be 
determined absolutely because each plate is measured 
separately. There are many effects to be considered, but 
they should be examined more carefully if the coordi- 
nates are involved rather than the differential measures. 
Should there be a demand for these positions, efforts 
would be made to obtain and publish them with the 
proper motions. The author, however, cannot see a 
demand which would justify the additional effort and 
cause a possible delay in publication. Positions of stars 
down to magnitude 9 will be available from AG catalogs, 
and they can be utilized as reference for fainter objects 
if objective gratings are used. 

Finally, it is being planned at Lick that on average 
one star per square degree will be measured at each 
magnitude level mentioned before. This density would 
not be sufficient for accurate position references, par- 
ticularly for instruments with small fields. There will 
be, however, no great difficulty to publish measured 
rectangular coordinates, and if a need arises they can 
be converted into equatorial coordinates, at least 
approximately. 
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DISCUSSION 


STRAND remarked that since an automatic measuring 
machine will be used the measures will be recorded on 
either tape or cards. If cards were used, then it was his 
experience that it would involve little extra time to get 
the coordinates in addition to the proper motions. For 
two pairs of plates with 120 stars on each and using 
quadratic terms in the plate constants, the complete 
reductions resulting in relative positions and proper 
motions take about 40 minutes on the IBM 650. These 
reductions involve correction for differential refraction, 
precession and aberration. 

VASILEVSKIS realized that the reduction work to ob- 
tain positions is quite simple, but the problem was that 
absolute coordinates are subject to many more system- 
atic errors than are the differential ones. At any rate the 
instrumental and other possible errors will be studied 
as thoroughly as possible, regardless of whether it is 
decided to publish absolute proper motions alone, or to 
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include absolute positions also. The present plan is to 
take plates of a test field every few years to study the 
instrumental properties and any changes thereof. As 
soon as the measuring machine is available it is intended 
to repeat 100 to 200 fields in order to set up reduction 
and measurement procedures as well as investigating 
the errors of the machine. In this way it will be possible 
to make the results immediately available when the 
final repetition is made. 

DrEckVoss said it was his experience that the calcula- 
tion of positions including corrections, such as distortion, 
magnitude errors, color effects and errors of the meas- 
uring machine takes only two seconds per star in the 
Hamburg Observatory program using an IBM 650. 

VASILEVSEIS felt it would be necessary to include 
higher-order terms if positions should be obtained. Even 
for proper motions alone there is no assurance that dis- 


THE ASTRONOMICAL JOURNAL 


VOLUME 65, 


VASILEVSKIS 


tortions remain the same for both epochs. It is, however, 
not necessary to separate the various effects, because the 
main interest is to set up a reduction procedure so that 
two plates can be mathematically superimposed with a 
maximum number of reference points coinciding as 
closely as possible. 

BROUWER pointed out that if positions are obtained 
in the Lick program this will help tying in the system 
of the fainter stars with that of the brighter which would 
be of importance. 

Oort felt that this depended upon the use of the 
fainter stars. Would they be used for determining posi- 
tions of minor planets or comets? 

STRAND said that positions of faint stars could be used 
in determining the positions of faint comets and might 
be useful in the future for deriving positions of deep 
space artificial satellites. 
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Automatic Measurement of Astrographic Plates 


S. VASILEVSKIS 
Lick Observatory, University of California, Mount Hamilton, California 


An outline is given of the equipment for the survey and automatic measurement of astrographic plates 
taken for the Lick Proper-Motion Program. The equipment is at the initial stage of development and manu- 
facture by the Gaertner Scientific Corporation, Chicago, in accordance with Lick specifications of perform- 
ance and precision. Possibilities of using similar or simplified equipment for other astronomical problems 


are also indicated. 


INTRODUCTION 


Shite the main aim of this Conference is long-range 
planning of future astrometric work, particularly 
of that much needed in the southern hemisphere, it 
may be appropriate to discuss means of increasing the 
efficiency in astrometry, even if these means are at the 
initial stage of development. The proposed equipment 
for survey and automatic measurement of plates taken 
in the course of the Lick Proper-Motion Program 
(Wright 1950, Vasilevskis 1954) falls within this area 
of consideration. 

A new and automatic’ way of measuring has been 
successfully pioneered by the Watson Scientific Com- 
puting Laboratory (Eckert and Jones 1954, Lenz and 
Bennett 1954), and this has stimulated the planning of 
the equipment outlined below. Considering the special 
features of the Lick program, it was decided that the 
measurement should consist of two separate operations: 
(a) survey of plates, selection of objects to be measured, 
and recording of approximate coordinates of the objects 
selected for automatic setting in the process of final 
measurement; (b) automatic measurement of positions 
and magnitudes. Each of these operations will require 
a separate machine, referred to henceforth as (a) survey- 
ing machine, and (b) measuring engine. . 


After a grant for initiation of the project was received 
from the National Science Foundation, detailed specifi- 
cations of the required performance and precision of the 
equipment were worked out, and several manufacturers 
were invited to submit bids. The Gaertner Scientific 
Corporation in Chicago was finally selected and the 
contract with this firm has been signed. The equipment 
will be manufactured and installed at the Lick Obser- 
vatory by June 1, 1962. 

The present paper is a summary of our specifications 
and, with the kind permission of the Gaertner Scientific 
Corporation, of some technical proposals by this firm 
to meet the specifications. In addition, some possible 
modifications of the equipment will be mentioned for 
possible use in other astronomical programs. 


SURVEYING MACHINE 


For completely automatic measurement it is necessary 
to have approximate rectangular coordinates of the 
objects to be measured. Since the galaxies of the refer- 
ence frame and most of the stars to be measured in the 
course of the Lick Program have never been measured 
or cataloged before, their approximate coordinates can- 
not be precomputed. Therefore it is proposed to obtain 
these coordinates in the process of surveying the plates. 


Ur LOMAT Ca ey ATH SME A SURE MENTS 


The survey has to be done in any case for inspection of 
images for their measurability on plates of both epochs, 
and for selection of suitable and properly distributed 
galaxies and stars. The specifications for the surveying 
machine are briefly as follows: 

A horizontal plate carriage will take two 17-in. square 
plates, or smaller with aid of adapters, each in adjustable 
plateholders with scales for orientation and centering. 
Optical means will be provided for a general inspection 
of a field of 3 in. square of one plate, projected on a 
screen at a linear magnification of the order of four. 
This inspection will give an indication as to which 
images may be suitable for measurement. These images 
are then placed, one at a time, in the center of the screen 
and inspected on both plates under a magnification of 
10 or, occasionally, 20. For this purpose a 15-mm- 
diameter field of both plates is superimposed optically, 
and they can be inspected simultaneously or alterna- 

tively. A blink-comparator is also incorporated into the 
surveying machine. 

After the decision of selection is made, the image is 
centered on a cross wire, and a coordinate reading and 
recording device is actuated by a push button; the errors 
of the approximate coordinates will not exceed 0.1 mm. 

The optical system proposed by the Gaertner Sci- 
entific Corporation is stationary, with the projectionand 

blink system rigidly supported above the plates. Fields 
of both plates can be viewed simultaneously, or either 
field can be viewed individually by blocking out the 
other field by manually operated shutters. The blink- 
sectors are governed by a variable speed electric motor, 
and a solenoid releases them out of the optical path 
when the blink-comparator is not used. 

The plate carriage is moved by two perpendicular 
screws of 4-in. pitch and of a ball bearing nut type. The 
direction of motion depends on the direction of rotation 
of control knobs, and the speed is continuously variable 
and depends on the angular displacement of the knobs 
from their zero positon. The measurement of the ap- 
proximate coordinates does not depend on the load 
carrying drive mechanism, and several possibilities of 
measurement have been considered by the Gaertner 
Corporation; one of them will be mentioned. To each 

‘drive screw, a reference shaft is coupled by means of 
a gear train. The cylindrical shaft carries a scribed 
helical line of 50-mm pitch on the circumference. The 
plate carriage is equipped with a roof-prism photoelec- 
tric sensing device for each coordinate, similar in princi- 
ple to that originally proposed by Whitford and Kron 
(1937) for automatic guiding at a telescope, and later 
developed by Weitbrecht (1957) into a pyramid-prism 
guider. If the image of a short section of the helix is not 
split symmetrically by the roof-prism, a servo-motor 
turns the reference shaft until the balance is achieved. 
An encoder connected to the reference shaft then trans- 
mits the position of the shaft to an IBM 526 Printing 
Card Punch, where the approximate coordinates are 
recorded after the operator actuates a push button. 
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MEASURING ENGINE 


After a plate pair has been surveyed, one plate of the 
pair is put into the measuring engine, and properly 
centered and oriented. From then on the measurement 
proceeds automatically with the aid of the record ob- 
tained in the surveying process. The input of the ap- 
proximate coordinates of an image operates servo- 
systems and guides the image to the field of a photo- 
electric scanner. Then the centering of the image is 
accomplished by the scanner. When the automatic 
centering is completed, both coordinates, as well as the 
opacity of the image, are automatically read and re- 
corded. Then the machine proceeds to the next image 
and repeats the operations described until all the images 
selected in the survey are measured. The second plate of 
the pair is measured with the same input data. 

The measuring engine will be located in a specially 
built room of the new Laboratory Building at the Lick 
Observatory, and this room is adjacent to that contain- 
ing the surveying machine. No special operator will be 
needed for the measuring engine; any failure in the auto- 
matic operation will produce a signal in the surveying 
room, and the person surveying plates can take care of 
these possible failures. If a failure is caused by an image 
not reaching the area of the scanner, it can be seen on a 
screen in the surveying room, and the position of the 
image can be corrected by manual controls. 

The proposed scanner is of a spinning-sector type 
used by Watson Scientific Computing Laboratory, or as 
modified by Babcock et al. (1956). The proposed 
photometer contains an iris diaphragm as developed by 
Eichner ef al. (1947). 

The speed specified is such that not more than 30 
seconds on the average should be taken for a complete 
position and photometric measurement, including the 
positioning and recording, of an image, if not less than 
200 images are uniformly distributed on a 17-in.-sq. 
plate. It is obvious that precise screws cannot be used 
at this speed of measurement in both coordinates, and 
scales have to be incorporated into the engine. The re- 
quired repeatability is within 0.5 uw, and the total error 
of a coordinate measurement is specified not to exceed 
1p. 

In the system of measurement proposed by the 
Gaertner Scientific Corporation, Abbe’s principle was 
adopted in a way similar to that used by Zeiss (K6nig 
1932) with the following principal departures by Gaert- 
ner: (a) the scales are stationary, attached rigidly to the 
engine bed; (b) an index-line is permanently attached 
to the plate carriage instead of having precise edges of 
the plate holder, and the index-line is optically referred 
to the scale instead of by a mechanical contact between 
the precise edge and the end of the scale; (c) the scales 
are fixed above the photographic plate. 

The image of the index-line is projected on a roof- 
prism through a slit. This image will be always close to 
the center of the slit, but possible small deviations are 
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corrected by a parallel plate, rotated by a servo-motor, 
which is actuated by the unbalance on the roof-prism. 
The rotation of this plate is transferred by a linkage to 
another plate, in the scale sensing beam, thus restoring 
the position of the index-line relative to the scale. Then 
a plane-parallel plate micrometer is actuated until the 
lower scale-line is centered on a corresponding roof- 
prism, thus performing an interpolation between the 
scale-lines; the interpolated value is picked up and 
transmitted by an encoder. The scale-reading system 
is designed so that a possible small tilt of the scale-read- 
ing system is eliminated from the measurements. 

After the image of an object has reached the field of 
the spinning-sector scanner, the variation of the trans- 
mitted light through the scanner actuates servo-motors 
which tilt two plane-parallel plates, one for each co- 
ordinate, in the light beam until the image is centered. 
At the same time the image is also centered on the 
iris-diaphragm of the photometer. 

The amount of linear displacement caused by this 
tilt of plates is transmitted to the storage and added 
algebraically to the scale reading. Then both rectangular 
coordinates as well as the photometric reading are 
recorded. 

Finally it should be mentioned that much of the de- 
sign is still in the formative stage, and some deviations 
to be mutually agreed on by the Gaertner Scientific 
Corporation and Lick Observatory are anticipated. 
Some possible modifications have already been discussed. 


POSSIBLE MODIFICATIONS FOR VARIOUS 
ASTRONOMICAL PROGRAMS 


The equipment proposed and briefly outlined above 
is quite elaborate, and it may not be easy to visualize 
any additions for improved efficiency and. precision. 
There are, however, astronomical programs where sim- 
plifications are possible without appreciable loss of 
efficiency or accuracy. 

A surveying machine as outlined above can be omitted 
entirely in most programs. In a photographic repetition 
of AG. or Astrographic Catalogues, the star positions 
are known and their approximate rectangular coordi- 
nates for automatic measuring can be pre-computed. In 
parallax and other long-range programs, where the same 
field is repeated many times, the first plate can be 
measured manually and the coordinates obtained can be 
then used for subsequent automatic measurement. 

Since automatic measurement requires a careful cen- 
tering and orientation of plates, it may not save any 
time in the measurement of plates with few images, if 
their identification causes no difficulties. 

The photometer could also be omitted in some pro- 
grams; the photometric measurements, if needed, may 
increase the efficiency by being separated from the 
position measurements. On the other hand, an auto- 
matic photometer can be constructed as an independent 
instrument for major photometric programs. 


Sie ey VEATS EVES IKES: 


A photoelectric scanner is an important and necessary 
component of an automatic measuring engine. If the 
automatic guiding is omitted, there may be a difference 
of opinion on the preference for a scanner as compared 
with a visual microscope. If images are small and round, 
no appreciable systematic difference should be expected 
between an automatic setting and the mean of visual 
measurements made by an experienced person in direct 
and reverse positions of the field, but this may not be 
true for unsymmetric images. 

The asymmetry of image may be of two main types: 
(a) characteristic for an individual plate, e.g., a guiding 
error at the telescope; (b) the same for all plates of the 
same field, e.g., asymmetric galaxies, or coma of the 
objective. 

An appreciable guiding error calls for a thorough 
investigation of the corresponding effect regardless of 
the method of setting; the objective and impersonal 
measurements by a scanner may be more adaptable to 
a mathematical expression for errors. It should be added 
that careful guiding is a major factor in a program 
where precise results are expected. 

The position of an extended asymmetrical object 
should be defined as that of a point, measurements of 
which can be repeated on subsequent photographs of the 
same object. An automatic scanner will measure the 
position of the opacity center of the image; visual bi- 
section will be made on the most pronounced conden- 
sation within the extended image. Experience at Lick 
has shown that the nucleus of a faint galaxy may be 
discernible on one plate but cannot be seen on another 
of the same sensitivity and exposure time. In most cases 
the difference in appearance is caused by different 
seeing, but in some cases small local fluctuations in 
sensitivity may produce a spurious condensation. The 
position of the visual settings may be quite different 
in these cases; the position of the opacity center may be 
more stable, because it is defined by integration of a 
large number of silver grains in the whole image, and 
small local fluctuations may be less significant compared 
with the total opacity of the image. 

A good astrographic lens should be free of coma, bal 
if it exists, a magnitude equation is unavoidable. Hoe 
again the errors of photoelectric measurements may be 
more adaptable to mathematical expression than those 
of visual ones. 

Since a spinning-sector scanner has no preferential 
direction in setting on an image, there is no need to 
reverse the field; the precision of a photoelectric setting 
makes it unnecessary to repeat settings on the same 
image; therefore the efficiency of a photoelectric scanner 
is much higher than that of a visual microscope. 

Finally, the automatic reading and recording of co- 
ordinate measurements should be mentioned. The visual 
reading and recording by hand constitute a major part 
of conventional measurement work. If measurements 
are to be reduced by high-speed computers, the work of 
transferring the records to punch cards or tapes should 
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be added. In order to minimize the labor mentioned, a 
number of conventional measuring engines have been 
equipped with digitizers for automatic coordinate read- 
ing and recording, and to this modernization of a con- 
ventional comparator should be assigned the highest 
priority. If a new comparator is built, particularly for 
two-coordinate measurement, scales with automatic 
reading and recording should be much preferred to 
screws. 

It is impossible to predict and to outline all of the 
possible modifications and uses of automatic measuring 
engines; it is, however, clear that with the increasing 
demand for astrometric results and with the decreasing 
number of astronomers working in the field of astrom- 


etry, the ultimate in automation is the only alternative 


if major programs are to be completed within a reason- 
able time. 
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DISCUSSION 


DIEcKvoss wanted to know if separate diaphragms 
were used for the galaxies and the stars. 

VASILEVSKIS replied that the width of the scanner 
was the same for both and was of the order of 200 u in 
diameter. Even if the galaxies are larger than the scan- 
ner, this will be no problem as long as they show suffi- 
cient concentration towards the center. There will be 
two different objectives so the scanner can be projected 
with two different diameters. He also stated that if there 
were 240 images on a plate, measurements of both co- 
ordinates and the magnitudes could be accomplished in 
two hours. With a rotating scanner there is no preferen- 
tial direction or position with respect to the center of 
the density of the image. For this reason it is not neces- 
sary to measure a position in two directions or to use a 
reversing prism. 

STRAND said he was very much in favor of automa- 
tion, but that he was still somewhat doubtful about the 
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automatic setting. He felt that the best way to judge if 
an image could be measured would be to bisect it which 
would involve little extra work compared to just ex- 
amining the image provided a digitizer was used to 
record the measure. The fact that the automatic ma- 
chine repeats itself within 0.2 » in bisecting an image 
does not preclude much larger systematic errors. He also 
realized it was impossible to have all the plates measured 
by astronomers or experienced personnel, so the auto- 
matic machine was the device, but this did not neces- 
sarily mean that the method was far superior in accu- 
racy to the conventional method of visual bisection. 

VASILEVSKIS disagreed. He felt that the visual method 
introduced personal errors which are absent in the auto- 
matic machine. If, for example, an image with coma was 
measured by an experienced person, even he would not 
necessarily bisect the image in the same way on two 
different occasions. This would not be the case with 
the automatic machine. Moreover he felt that the auto- 
matic measures were more subjected to mathematical 
formulation of the magnitude equation or any other 
expression for corrections than were the visual measures. 

STRAND remarked that if an image had coma neither 
the machine nor the visual measurer could bisect the 
image properly. 

VASILEVSKIS said there was no need for the machine 
to make its settings more correctly but he felt it would 
set more consistently according to the magnitude of the 
star and due to this could be expressed more easily into 
mathematical form. 

Miss HorFrLeiT wanted to know what happened in 
case the images were larger than the scanner or when 
second-order spectra were measured. 

VASILEVSKIS replied that he had first examined his 
plates under good illumination at the Lick Observatory 
and had selected stars where he could clearly see the 
space between the central image and the first order 
spectra. When he measured the plate at the Yale Uni- 
versity Observatory he found that a different magnifica- 
tion and illumination was used with the result that he 
had to measure second-order spectra rather than first- 
order. The same images were measured at the Watson 
Scientific Computing Laboratory and it was found that 
the second order spectra could be measured. For this 
reason it was decided to use a scanner with a diameter 
of 200 » rather than 120 wu as in the Lick program. It 
appeared that this caused hardly any decrease in 
accuracy. 

BROUWER said that based upon his experiences with 
the machine at the Watson Scientific Computing Labo- 
ratory he was in agreement with Dr. Vasilevskis about 
the superior performance of the automatic machine. On 
the Yale plates the first order spectra are in most cases 
not at all symmetrical, as they are shortened on one 
side and lengthened on the other due to the atmospheric 
dispersion. The scanner finds an intermediate position 
which may differ from the human eye bisection. The 
low probable error found for the measures at the Watson 
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Scientific Computing Laboratory indicates that a great 
deal is gained by an automatic machine. 

GRATTON wanted to know how much of the surround- 
ings of the star image can influence the measures. 

VASILEVSKIS replied that one purpose of selecting the 
galaxies and the stars was to see that the images which 
would be measured were not so close to other images 
that these would interfere with the measures. He further 
wished to emphasize that the main purpose of the auto- 
matic measuring machine was a question of economy of 
time. If all the plates in the Lick program were measured 
in the conventional way this would take about 40 years 
for one person on an eight-hour daily schedule. 

HerceEtT thought there was a point which had not 
been brought up before and should be considered as had 
other possible sources of systematic errors. He thought 
it was important to define very carefully the scanner and 
the electronic components from which it was constructed 
so it could be exactly reproduced, as otherwise system- 
atic effects could be introduced. 

FRANZ asked what the minimum linear separation of 
two photocenters of two nearby images would have to 
be in order to allow separate measurements of the images. 
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VASILEVSKIS replied that the separation was about 
250 yu. 

STRAND asked what the costs of the first machine 
were, and how much additional machines would cost. 

VASILEVSKIS estimated the price to be $350 000 for 
the first machine with a 20 to 30 per cent saving on the 
second, machine. If the plates were measured on the 
conventional measuring machines the total costs in- 
cluding two long screw machines would be about twice 
the price of the automatic machine. 

FRAnz asked if it was expected that the machine 
would be used to capacity on the Lick program for the 
next 20 years, or if there would be time available for 
other observatories. 

VASILEVSKIS replied that the machine has also been 
committed to the plates taken with the Southern Astro- 
graph if this project goes through. If there would be 
any free time it could be used by other observatories. 
It should be remembered that the machine was built 
from funds from the National Science Foundation and, 
if for no other reason, there was an obligation to make 
the machine available to other observatories if at all 
possible. 
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A Note on the Color Effect on Astrometric Plates 


L. Gratton 
Observatorio Astronomico, La Plata, Argentina 


A study is made of the systematic errors in the position of a star caused by the color of the star. 


T is well known that several authors have tried to 
determine possible systematic errors in the photo- 
graphic position of a star due to the color of the star 
itself. This was especially considered in connection with 
the effect of atmospheric dispersion on the photographic 
determination of trigonometric parallaxes, but it can 
be studied quite generally. 
Let us call x,y the true coordinates of a star on the 
plate, that is, its coordinates if there were no optical 
aberrations, no atmospheric refraction, etc. These 
coordinates are related to a and 6 by simple geometry. 
Let us call %o,yo the observed coordinates as measured 
in an ordinary machine (corrected for screw-errors). 
Then the standard procedure of reduction of a photo- 
graphic plate gives the corrections 


Ax=x%—%, Ay=y—yo, 


provided that the images of a sufficient number of stars 
with known a and 6 are on the plate. 

Since the optical aberrations, as well as the atmos- 
pheric refraction, are functions of the wavelength, it is 
better to speak in terms of monochromatic images. If 
%,,y, are the coordinates measured on a plate taken 
through a narrow monochromatic filter, then the 
corrections 


Ax,=%—4%,, Ayr=¥—Yr 


to be applied to the monochromatic positions would be 
functions of x and y alone and could be found by 
standard methods. 

Actually, we do not observe #, and yy, but x and yo, 
the coordinates of the integrated images, and it can be 
shown that «o and ‘yo are not functions of x and y alone. 

To make this point clear, we observe that the flux for 
unit wavelength interval, for unit area, perpendicular 
to the line of sight, outside the earth atmosphere 
depends on two factors which are £,,(\), corresponding 
to the (relative) spectral distribution of the energy 
emitted by the star, and R(A), corresponding to the 
interstellar reddening. F,,(\) depends upon some 
parameters describing the physical state of the star’s 
atmosphere, such as effective temperature, absolute 
magnitude, chemical composition, etc. R(A) depends 
upon the distance of the star, its galactic latitude or, 
more exactly, its position relative to the absorbing 
matter in the interstellar space. 

However, the spectral distribution to be taken into 
account for the formulation of the image is not R(A) 
Esp() alone, but has to be multiplied by another factor 
P(\), which takes care of the following effects: absorp- 


tion in the earth atmosphere, absorption and reflection 
in the optical system, and spectral sensitivity of the 
plate (including color filters as usually employed with 
yellow or red plates). 

The factor P(\) after a correction for the zenith dis- 
tance, defines the system of the magnitudes correspond- 
ing to the equipment used (photographic, photovisual, 
etc. . . ) and the magnitudes in this system are defined 
as the logarithms (multiplied by — 2.5) of the quantity 


i ” PO)R(A) EmlA)Ad y, f ” Pad. 


It is easily seen that, in these conditions, the correc- 
tions Aw to the integrated images are given by 


hee il ” PO)R(A)Esp(A)Aandd / 


if " PO)RO)E_ (Jar, (1) 


and similar equations for Ay. Strictly speaking, this 
equation is valid only if images on the linear part of the 
characteristic curve of the plate are used; if, as is 
frequently the case in astrometric measurement, images 
outside this part are employed, then a magnitude error 
arises, which must be considered separately. 

Now, if P(A) is different from zero over not too large 
an interval of wavelength, we may write with good 


approximation 
Ax,=a(a,y) +b («,y) (2) 


where a and 6 depend on position only. Substituting in 
(1), we obtain 


Ax=a(x,y)+eb(«,y), (3) 


where the effective wavelength X, is given by 


Ne Ib “ P(A)R(A)Eap(d)AAX / 


i ” PA)RO)Em ds) (4) 


If we introduce some average effective wavelength Rey 
and define, for each star, the factor e=A.—A-, we can 
separate the correction Ax into two parts: the main 


correction i 
dv=a(x,y) +A.b (x,y) 
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independent from the color, and a color effect 
bx-= €b(x,y). 


The main correction 6, (and 6,) is now a function of 
x,y (and of the apparent magnitude) and the color effect 
is a small correction which we wish to investigate. 

The only purpose of the preceding discussion is to 
make it clear what meaning should be attached to this 
color correction; it served to show that 6x, (and éy-) is 
a function of x,y,m and another parameter, e or ., the 
latter being defined by means of Eq. (4). Now, if \. were 
known or could be easily determined with sufficient 
accuracy, there would be no question about which 
parameter should be used for studying the color correc- 
tion. As we expect the color correction to be rather 
small, even a rough estimate of \, might be used. But, 
since we do not know X, for all the stars concerned, we 
must inquire whether it is possible to use a good sub- 
stitute for it. 

The first parameter one might think of is of course 
the spectral type, which from the Draper Catalogue is 
known for all stars down to m=8.5 and in many fields 
has been determined for fainter stars as well. Un- 
fortunately, it appears from Eq. (4) that the spectral 
type is not a good substitute for \,.. Firstly, even if we 
neglect secondary effects, like chemical composition, 
etc., A. depends upon two parameters, the spectral type 
and the luminosity class. Secondly, the interstellar 
reddening, represented by the factor R(A), may modify 
the observed spectral distribution very effectively. It 
is well known that several O or B stars are as red as an 
M star, due to this cause. This means that, although 
statistically the spectral type can be used, it might in 
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individual cases lead us to apply a correction in the 
wrong direction. For O and B stars spectral types may 
give completely wrong results and in a somewhat lesser 
degree the same can be said for other color equivalents. 
For instance, plotting the carefully determined photo- 
electric color indices B-V and U-B, according to Morgan 
and Johnson, one finds for one and the same B-V widely 
different values of U-B, due to the same causes. 

It may be assumed that if the color equivalent was 
obtained from spectral regions not too far from where 
the factor P(A) is different from zero, it would show 
practically a one to one relation with \.. Then @ priort, 
the best results ought to be obtained by means of the 
color index B-V or, simply, by means of the ordinary 
photovisual color index. However, it would be interest- 
ing to study experimentally the question by comparing 
for a given field the positions of stars obtained by means. 
of a narrow color filter with those obtained with the 
same telescope under ordinary conditions. The reason 
for this is that the positions obtained from plates taken 
behind the narrow color filters can be reduced in the 
ordinary way because they correspond to monochro- 
matic images. 


DISCUSSION 


DrEckvoss remarked that in connection with the 
AGK3 program the Hamburg Observatory started a 
program on finding the highly reddened stars near the 
Milky Way. This was done for the purpose of finding 
the color magnitude effects and to correct the deter- 
mined positions and proper motions. In this way color 
indices were used rather than spectral types for these 
highly reddened stars. 
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The Bergedorf 32’’ Conventional Schmidt Telescope as an 
Astrometric Instrument 


W. Diecxkvoss 
Hamburger Sternwarte, Hamburg-Bergedorf 


Measures of 145 stars on four Schmidt plates were used for comparison with good astrographic positions 
to test a formula of E. Brosterhus that corrects the measured coordinates for effects of the bending of the 
plate during exposure. While the overall suitability of large fields seems to be promising up to a mean error 
of +0710 in position, only much more extensive tests can give definitive results for higher precision. 


T the Bergedorf Schmidt Symposium some results 

of calculations on rectangular coordinates mea- 
sured on four plates of our 800/1200/2400 mm Schmidt 
telescope were presented (Dieckvoss 1956). In the 
meantime E. Brosterhus, Hamburg, developed a for- 
mula for the correction to be applied to the measured 
coordinates in order to free these from the effect of 
bending the plate in the plateholder. The formula 
should permit to treat the coordinates in the same 
manner as coordinates arising from central projection 


on a tangential plane of the sphere with a radius equal 
to the focal distance. Brosterhus tested his formula 
with a part of his measures. We now have easy access 
to an IBM 650 electronic computer, which makes it 
possible to calculate the correction in both coordinates 
and to make extensive least-squares solutions. 

There are two points situated on the photographic 
plate the exact positions of which relative to the 
assumed center of the plate are not known: (1) The 
base, i.e., the commonly used true tangential point on 
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the sphere; (2) the point in the originally plane surface 
of the plate that remains at rest during the process of 
bending in the plateholder. This bending point has to 
be chosen as zero point for the calculation of the bend- 
ing corrections. 

~ Deviation of the base from the zero point of the ideal 
tangential coordinates gives rise to terms of the form 


px+quy 
pxy+qy? 


Deviation of the true bending point from the assumed 
zero point for the calculation of the bending correction 
leads to terms of the form 


u-(3x?+y")+0-2ey in x, 
u-lxy+o: (4?-+34?) 


Whenever our Schmidt telescope should be used ex- 
tensively for astrometric purposes in the whole field of 


no es 
(1) 


in y. 


(2) 


in y. 


_the plates the relation of the plate’s center (indicated 


by the rim of the plate holder to be imprinted on the 
emulsion) to the base and the bending point has to be 
established firmly. Otherwise the number of reference 
stars for the plate solutions would be too large. 

From a summary written by Brosterhus on his 
formula, I quote: ‘“The conventional Schmidt telescope 
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has no aberration of the third order in the sense of 
Seidel’s theory. The quadratic plate, however, when 
bended to a spherical surface in the plateholder, 
creates distortions in the coated side which disappear 
during measurement in the original plane state. There- 
fore, the measured coordinates have to be corrected by 
terms equal to the distortion values. The derivation of 
these terms is a problem in the theory of elastic plates. 
By introducing a suitable stress function this problem 
is reduced to a task already solved. The terms to be 
applied to the measured coordinates come out as a 
rapidly converging series.” Brosterhus’ formula gives 
(adapted to our telescope) the following correction to 
the x coordinates in units of 0.0001 mm, where x, y 
are in units of 100 mm, and where «; and y; are written 
for f;-x and f;-y. For the correction to the y coordi- 
nates, x and y have to be exchanged; 


#=+581.2-2°+871.8- xy? 
4 
+3 s; sinx;(a,chy;+b,yshy;—~) 
=1 


(3) 


where y=0.25 (Poisson’s ratio), and where the other 
constants have the following values: 


+t; cosy;(cxchx;+d;shx;), 


\ const 
Ind. 7\_ bi s t b c d 
al 1.308997 +989.7 +989 .7 +0.443718 —0.447409 +0.121356 —0. 189193 
2 3.926991 5 122, —329.9 +0.021548 +0.001146 —0.001676 +0.002266 
3 6.544985 ae EO +179.9 —0.002747 +0.003891 —0.000057 +0.000073 
4 9.162979 = eee —141.4 —0.000347 +0.000381 —0.000002 +0.000002 


In 1955 four plates of the field around a Persei were 
taken. Each plate contained four exposures, two in 
each position of the instrument; 145 well distributed 
stars of roughly 12th photographic magnitude were 
selected. The positions were calculated from the cata- 
logue in the Bergedorf paper (Heckmann, Dieckvoss, 
Kox 1956). This catalogue was compiled from measures 
on plates of the Bergedorf AG-astrograph and from 
other photographic data. Corrections to the measured 
coordinates (means for each single plate) were calcu- 
lated with an assumed zero point according to formula 
(3) after adaptation to the IBM 650. Table I gives the 
mean errors of the difference of the mean coordinates 
of each Schmidt plate against the tangential coordinates 
taken from the reference catalogue. The mean errors 


TABLE I. Mean errors of plate solutions. 


Plate 
No. 89 97 100 114 
With linear "a x: +0"183 07164 0%161 0%225 
only 4s =-0.193 0.178 0.195 0.184 
Linear terms +0.164 0.166 0.166 0.173 


+terms (1), (2) 


TaBLeE II. Quadratic terms and their mean errors in millimeters. 


Plate 
No. 


p qd u v 
89 +3.12 +0.55 +0.93 +0.59 +4.12 +0.64 +1.89 +0.68 
97 +1.92 0.58 +0.81 0.61 +2.28 0.67 +1.13 0.70 
100 +0.74 0.57 —0.65 0.62 +1.56 0.66 —0.71 0.71 
114 +4.21 0.62 —0.74 0.69 +6.35 0.72 —0.16 0.79 


still contain the mean errors of the reference positions 
(+084). The values of the quadratic terms and their 
mean errors are given in Table II. Intercomparison of 
the four positions of each star gives the mean error of 
position on one Schmidt-plate with two pairs of star 
images: 

= 7093 

+106. 

From this we obtain for the mean of the four plates as 
mean error of position +0705. This result is independ- 
ent of any mean systematic errors of position in the 
four plates. A final solution with linear and quadratic 
terms for the mean of the four plates gave the mean 
error of +0145; after having subtracted the mean 
error of the reference coordinates we have +07119. A 
last solution was made excluding 19 stars which lie 


in x: 


in y: 
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outside a circle with 110-mm radius around the plate 
center: Mean error +07133, after subtracting the value 
for the reference coordinates: 


+07104. 


The only considerable systematic deviation in form of 
a residual systematic correction to formula (3) at the 
corners of the plate, outside the circle with 110-mm 
radius, is of the order of 0720. A further empirical 
correction to Brosterhus’ formula or a thorough test of 
its validity requires a large amount of work and refer- 
ence positions in large fields of a very high accuracy. 
In an ordinary case of positional work with, say, 
+015 m.e. most of residual effects will not show up 
in a discussion of measured coordinates. 

In my opinion it is an open question whether the 
discrepancy between the value +104 for the mean of 
the four plates together and the intrinsic m.e. of +0705 
should be laid only to the Schmidt plates. A figure 
published by A. Kohlschiitter (Schorr and Kohl- 
schiitter 1957) showing systematic errors in the field 
of the Bonn AG-objective of the order of 071 gives an 
instructive example. 

I should not dare to propose the use of a conventional 
Schmidt telescope for astrometric work of a funda- 
mental nature unless a thorough investigation should 
definitely answer the question of deformation of the 
plate on the surface. Probably, however, we can assume 
that the thin and strong glass that stands the stress 
during bending of the plate will be sufficiently homo- 
geneous to give results consistent with each other not 
varying from plate to plate. 

So far the circular plates are inferior to quadratic 
plates because circular plates tend to take the form of 
a spherical surface only by making folds along radii 
that cannot be foreseen; whereas in the quadratic plate 
the radii of preference seem to be inherent in the form 
of the boundary. 

But now already, the potential possibility of using a 
Schmidt telescope with a relatively long focal distance 
and quadratic plates for precise astrometric work in 
fields comprising most of the whole plate seems promis- 
ing up to a precision of +710 m.e. with two to six plates 
for a selected field. 
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DISCUSSION 


HERGET described a similar experiment of using the 
Cleveland Schmidt telescope for astrometric purposes. 
He measured all the Yale Catalogue stars appearing on 
the plate. In the reduction he used in addition to the 
linear terms the quadratic terms, which included an 
xy term in both coordinates, an x” term in x, a y® term 
in y, and in both coordinates a term dependent upon 
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the cube of the distance from the plate center. In this 
way six plate constants are determined in each co- 
ordinate. The reductions were carried out with no nu- 
merical deficiency on the IBM 650, and all stars were 
used in the solution. The residuals show that they 
follow no normal distribution. He also measured two 
plates taken with the Michigan Schmidt telescope. 
Here again no normal distribution was found but defi- 
nite systematic effects in various parts of the field. 
While it is not possible to generalize from three cases 
it is-quite clear the plates do not conform to the theory 
of elasticity. While it is quite possible that for a square 
plate the ridges formed by the bending will be diagon- 
ally from the center, this is not certain on account of 
the inhomogeneity of the glass. For this reason he felt 
there was a weakness in Dr. Dieckvoss’ reductions of 
the positions to an octant of the plate, because this 
would tend to smooth out the larger errors existing on 
certain places of the plate. 

Dreckvoss was of the opinion that rectangular plates 
are superior to circular plates. It was necessary to know 
the standard coordinates of the reference frame with 
high precision to determine the plate errors. The re- 
siduals they had found were much less than those 
found by Dr. Herget. It was not intended to use 
Schmidt plates for astrometric work over large areas 
but only for small limited areas. 

GRATTON wanted to know which part of the errors 
was due to the deformation of the glass and which part 
was due to effects in the optical system, for the reason 
that the light for different stars comes from different 
parts of the mirror. 

Diecxvoss felt that the errors caused by the optical 
system were small in the case of the Hamburg Schmidt 
telescope. The mirror is, as far as can be determined, 
a perfect sphere, and has an excellent support system. 
Moreover it is well insulated by a double tube and by 
felt. Also, a very large part of the mirror is in common 
to all fields of the plate. With an 80-cm free aperture 
there are 20 cm left on the side. Except for the area of 
the plateholder, at least 80 cm in diameter is in common 
to all parts of the plate. This is quite different from a 
Cassegrainian telescope with a small secondary mirror. 

FRIcKE felt that while in many cases there would be 
no need of using a Schmidt telescope for astrometric 
work there are definitely cases where a telescope like 
the Hamburg instrument can be of great help, especially 
if full astrometric accuracy is not needed. As an ex- 
ample he mentioned the study of the luminosity func- 
tion. Finding the intrinsically very faint red dwarfs 
could be done in the following manner. As a first step 
infrared plates should be taken with a Schmidt telescope 
using an objective prism. In this way the stars of 
spectral type M could easily be found without making 
a distinction between supergiants, giants, and dwarfs. 
Even with a small Schmidt telescope it is possible to 
get spectra of stars with photographic magnitude 19 
to 20. Because of their large proper motions all that is 


' needed to select the red dwarfs is to take two infrared 
plates of the same region with a time interval of perhaps 
five years. This method would not reveal the faint 
dwarfs with small proper motions, but such a program 
carried out in the direction towards the galactic poles 
would help extend the luminosity function to stars 
fainter than the 16th absolute magnitude. 

ZVEREV said that the Maksutov meniscus telescope 
gives a large field with excellent definition. The diam- 
eters of the star images are of the order of 20 u, with a 
small dependence upon magnitude. It is possible that 
the field will be superior to that of the Schmidt in the 
astrometric sense as all the optical surfaces of the 
Maksutovy telescope are spherical. But such an investi- 
gation has not been carried out as yet. There are two 

‘large telescopes of this kind in the U.S.S.R. near 
Alma Ata and Abastumani. 

DiEckvoss mentioned that Miss Barney made an 
investigation of the field of the original Schmidt tele- 
scope at Bergedorf, which has a focal length of 67 cm 

_and a field flattener. From her results he felt that it was 
best to use a field flattener rather than curved plates 
for astrometric work, but Dr. Heckmann did not agree 
with him on this point. 

VASILEVSKIS said that there are problems which 
could not be solved with the astrograph because the 
desired magnitude limit cannot be reached. Similarly, 
if parallaxes are desired for stars fainter than can be 
observed by using refractors, it will be necessary to 
use a reflector as proposed by Dr. Strand. He therefore 
felt that the investigations of the astrometric proper- 
ties of the Schmidt-type telescopes are extremely im- 
portant. He understood that it was the experience of 
the Hamburg astronomers that very few plates were 
broken in the bending process. The fact that some broke 
indicated that all plates did not have identical proper- 
ties and may also indicate that most of the plates are 
near the breakage point in the process of being bent. 
There is also the question whether the plates come 
back to their original shape and whether it happens 
instantaneously or over a period of time. He also did 
not understand the meaning of a tangential point be- 
cause with the plate bent in a spherical shape there is 
no preferential point, although there is a point of 
symmetry involved. 

Drecxvoss replied that the plates were usually not 
measured until years after having been taken. In the 
process of being measured they were pressed against a 
flat glass plate. The use of a tangential point in the re- 
ductions was for the purpose of setting up a system of 
standard coordinates and was therefore only a compu- 
tational convenience. 

VASILEVSKIS suggested that in order to find out how 
much the catalog positions contributed to the residuals 

of the Schmidt plates, the identical fields be observed 

_ with the Hamburg Astrograph whose field has been 

’ thoroughly investigated. In this way catalog effects 

can be separated from the distortion effects of the 

= telescope plates. 


| 
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Driecxkvoss said this had not been done, and that it 
was a very useful suggestion. 

LuyTEN mentioned that he had used the Palomar 
Schmidt plates for about 150 differential measures. If 
the field has a diameter of not more than 3 cm, then 
in eight out of ten cases linear formulas could be used 
for the reductions. He had used second negatives in- 
stead of the originals, which certainly did not minimize 
the errors. Under these circumstances, even in com- 
paring blue and red plates, the differences would be 
2 at the most. For larger fields, 5 cm and more, it 
would be necessary to use quadratic terms. He had also 
made a search for red dwarf stars from six pairs of 
Palomar Schmidt plates. The first epoch plates were 
duplicate negatives from the original blue plates. The 
second epoch plates were infrared plates. Even with the 
great difference in appearance of the early and late 
plates, proper motions of 0"1 per year could easily be 
detected from plates taken seven to eight years apart. 
If the 19th or 20th magnitude stars are fainter than 
-+-16 absolute, most of them will have proper motions 
larger than 071, so this will be a very useful program. 

FRICKE said, that if the absolute magnitudes were 
known in advance from the spectra the program could 
be kept small. He had found that he could easily 
identify the M stars from unwidened spectra of } mm 
length on plates taken with the original Schmidt. By 
comparing these stars with their positions on the 
Palomar plates the intrinsically faint stars could be 
found. The limiting magnitude of the spectral plates 
taken with the original Schmidt was nearly the same 
as the Palomar Sky Survey in the blue. 

OortT wanted to emphasize what Dr. Fricke had 
said about finding the stars of low absolute magnitudes 
because this would be the easiest way. He felt there 
would be no problem of field corrections for the de- 
termination of the proper motions, because the stars 
in question could be measured relative to arbitrary 
stars of 20th magnitude only a few seconds away. For 
parallaxes it would be a little different, but even here 
it might work if the comparison stars were picked only 
a few seconds away. 

LuyTEN felt he could not be as optimistic as Dr. Oort. 
Even at 20th magnitude, comparison stars are not 
found a few seconds of arc, but rather minutes of arc 
apart. As far as parallaxes are concerned he felt that it 
would be an easy test to select a few galaxies with 
sharply defined images and run them through the same 
kind of measurements used for parallaxes. The para- 
llaxes which would be derived would give a good idea 
of the accuracy. 

STRAND remarked that the outcome of the discussion 
was that everybody agreed that Schmidt plates could 
be used for differential work, such as proper motions, 
over a restricted area. He was, however, concerned 
about the time being spent on finding a formula for 
converting a Schmidt telescope into an astrograph, be- 
cause it was not designed for that purpose. 


THE ASTRONOMICAL JOURNAL 


VOLUME 65, NUMBER 4 


MAY, 1960 


The Correction to the Motion of the Equinox 


J. Scuit 
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Corrections to the planetary precession and to the motion of the equinox are studied under the assumption 
that the space velocity component perpendicular to the plane of the galaxy is, on the average, independent 


of the galactic longitude. 


HE correction to the proper motions in galactic 
latitude resulting from a correction to the preces- 
sion consists of two terms, one depending on the sine, 
and the other on the cosine of the galactic longitude, 
but the corrections resulting from a correction to the 
motion of the equinox and from one to the planetary 
precession depend only on the cosine. 
In this paper the correction to Newcomb’s precession 
has been taken to be 


Ap=+0"008-40"002, 


as derived by Brouwer (1950) from planetary motion. 
It necessitates a correction to the annual proper motions 
in galactic latitude of the amount 


—0"0031 sin/+0%0062 cosi, 


the first term of which has been applied at the outset. 
There are also corrections resulting from corrections to 
the planetary precession and to the motion of the 
equinox both of which depend on cos/, and have to be 
determined by the use of the proper motions in latitude. 
These and the appropriate term of the precessional 
correction lead to a total correction 


Aur=[0"0062— (Ad--AE) cos28°] cosi, _—(1) 


where the coefficient of cos/ has to be determined by 
what is usually a problem of spherical astronomy. 

The space velocity component perpendicular to the 
plane of the galaxy is 


4.74 
Z=——(ps+Aus) cosb+p sind. (2) 


T 


It is not affected by galactic rotation, and our theory 
is that the average of Z should not depend on cos/. The 
coefficient in the expression for, Au, in Eq. (1) best 
satisfying this requirement is the answer. A most serious 
difficulty is how to distinguish between real differences 
in the velocity distribution in various regions, and a 
rotation of the coordinate system whereby the distribu- 
tion remains the same, and only its zero-point changes 
at a fixed rate with cos/. There is no unbiased general 
way to select stars that have the same velocity distribu- 
tion. The best we can do is take stars of the same spec- 
tral type and the same latitude and avoid high-velocity 
stars and dwarfs with large proper motion. Also to be 
avoided for the same reason are early B- and O-type 
stars which have a well-known clustering tendency. A 


further difficulty lies in. the occurrence of the parallax 
in Eq. (2). By using only stars in very low latitude and 
dropping the radial velocity term, Eq. (2) may be 
written 
beta cosl=2Z/4.74, 
where 
a=0"0062— (Ad-+- AE) cos28°. 


_ Introducing reduced proper motion ps=p,10°?™), 
photometric distances (cos/)s=cos/10°?"—», and re- 
duced parallaxes 7r5=710°?"—5), we get 


WL 
ust+a(cosl);=——. (3) 
4.74 


For stars of the same, presumably unknown, absolute 
magnitude 7s is constant, and the first member of Eq. 
(3) represents the velocity in unknown units. 
Estimates of the constant a@ by means of plots, us vs 
(cosl)s using stars of Morgan’s Catalogue (1952) of 
various spectral types range from —07003 to —07006. 
Results from least-squares for the same stars are in 
the first 9 lines of Table I. The equation of condition 
used was 
(3*) 


The remaining lines of Table I are for the G.C. proper 
motions. The least-squares solutions in this case have 


Ms+a(cosl)5=c 


TaBLeE I. a and ¢ are in units of 07001/yr.* 


a c Nr. Spectr. Sol. 
3.8 = 3. 41 Be 1 
—3.4 —10.3 38 B;-Bs 2 
—2.5 —14.5 40 Bo-Ao 3 
—0.2 —16.8 32 Ac-As 4 
—2.3 —14.4 31 As-As 4* 
—1.4 —1.5 Wit Bs 5 
+0.7 —11.6 18 B;-Bg 6 
—7.0 —11.3 16 By-Ao ap 
—2.4 —16.7 11 As-As 8 
—5.3 —6.4 244 3 9 
—4.3 —3.9 217 Bs 10 
—7.8 —7.9 339 Bs 11 
—7.7 —11.1 449 By 12 
—4.3 —15.1 624 Ao 13 
—0.2 —20.1 302 As 14 
—3.2 —25.6 130 As 15 

—11.0 —19.7 118 As 16 
—4.8 —12.5 2423 B3-As 17 


® Notes to Table I. 1-17 —0.10<sinb’< +0.10; 1-8 Morgan’s proper 
motions, individual stars; 9-17 G.C. proper motions with corrections from 
Table II, used normal points; 1-4 —0.06<sinbs’< +0.14; 5-8 —0.14 sinbs’ 
< —0.05; 4* one large proper motion omitted. 
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-8 6 -4 es oO +2 +4 +6 +8 
cos \s 


Fic. 1. Normal points used in the general solution. 


been obtained from normal points taken by constant 
intervals of (cos/)s with weights proportional to the 
numbers and inversely proportional to (cos/)s. The 
normal points belonging to the general solution, 17, are 
shown in Fig. 1. The G.C. proper motions have been 
‘reduced to Morgan’s Catalogue by the corrections 
given in Table II. Table IT is a critical table which was 
‘obtained from a plot of the ten-star averages of the 
differences between the proper motions in latitude, 
Morgan minus G.C., against the averages of their 
galactic longitudes. It applies to low latitude stars, 
—0.10<sinb<-+0.10. The weighted average for the 
‘Morgan proper motions, 1-8, is a=0"0030/yr. The 
inclusive solution for the G.C. stars, 17, is a= —0"70048/ 
yr. The difference is practically the same as the coeffi- 
cient of cos/ in the corrections of Table II. The large 
‘term in cos2/ caused by the large positive correction in 
the southern hemisphere has some theoretical basis in 
the latitude variation. Some of the other periodic terms 
may not be real, since the differences on which the 
corrections of Table II are based are rather irregular, 
and since the ten-star averages jump around more than 
might be expected. In particular, if the coefficient of 


TABLE II. Correction to G.C. proper motion in latitude, 
unit ”001/yr. 


Long. Corr Long Corr. Long Corr 
| Ry 0 191° a 307° +8 
' 16 +1 205 0 312 +7 
' oe +2 213 +1 313 +6 
46 +3 222 eo) 317 +5 
56 +4 227 +3 318 +4 

94 +3 232 +4 320 +3 

44 +2 235 +5 321 +2 
124 +1 238 +6 323 at 
134 0 243 +7 326 0 
143 —1 251 +8 329 —1 

® 154 —2 258 +9 351 0 


These corrections may be represented by: 
@ Corr.=+2.3-+-1.2 cosl—1.8 sin/—3.7 cos2/—0.9 sin2/+- - - 


- 
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cosl were spurious, the resulting values of a in the 
solutions 9-17 of Table I should be “uncorrected” by 
+1.2. This would improve the agreement with the 
solutions from Morgan’s proper motions in solutions 
1 to 8. 

As stated already it is not likely that a more precise 
value for a can be obtained without a better knowledge 
of the expected behavior of the proper motions than 
expressed by Eq. (3*). The adopted value for the pres- 
ent, I think, should be 


a= —0%0033070006 (p.e.) 


Using this with Eq. (1), we have 070062— (Ad--AE) 
cos28°= —0"0033 or AS+-AE=+0"0108. 

The relation between the proper motion dispersion 
in Z and the latitude which was derived from a com- 
parison of stars just north of the galactic plane with 
those just south of it (Schilt, 1950) is confirmed using 
the proper motions of Morgan’s Catalogue. 

In Table ITI, sind refers to the revised pole; disp?u= 
y?— (2, where p is the proper motion in galactic latitude 
in units of ‘001 per annum. Morgan’s Catalogue was 


TasLe III. 

Sind Disp? pr B N2 
+0.06 700 —10 23 
+0.05 320 —§ 21 
+0.04 891 —14 23 
+0.03 528 —7 22 
+0.02 196 —7 26 (2) 
+0.01 272 —10 9 

0.00 483 —9 24 (1) 
—0.01 409 —10 28 (1) 
—0.02 464 —15 18 (1) 
—0.03 448 —9 27 (1) 
—0.04 110 —10 24 (1) 
—0.05 91 —7 19 (1) 
—0.06 416 —15 16 (1) 


used, all spectral types included. Excluded are the 
positive proper motions exceeding 07060, and the 
negative over 07100. There are, within the limits of the 
Table, nine such cases indicated in the parentheses. 
Solved with equal weights the 13 entries of Table III 
give 

disp’u= 410+ 3050 sinb+39+ 1000(p.e.). 


The gradient of the root-mean-square proper motion 
thus becomes 


which is almost the same as the earlier value,* viz 82. 
Morgan’s proper motions are independent of the G.C. 


* dy/d2=0.39 (Astron. J. 55, p. 109). To compare with the 
present result this has to be divided by 4.74 and multiplied by 
1000. The earlier value was derived from reduced values of proper 
motion and latitude. 
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proper motions, and although it would be inconceivable 
that the errors would play a part in the result the new 
solution is worth while especially because of the change 
in the adopted position of the pole. The present solution 
also differs from the earlier results in that now the data, 
proper motions, and latitudes are not reduced to a 
standard magnitude. 

The average proper motions, also given in Table III, 
do not show a trend which they should if a systematic 
distance effect were present. On the basis of all the 
available evidence I assume that there is an appreciable 
gradient in the mean square, or root-mean-square 
velocity components in the Z direction. 

The theory is that a large percentage of the stars 
when crossing (say from south to north) the galactic 
plane do so with exactly the same velocity, instead of 
having velocities belonging to a Maxwell distribution. 
To prove this theory it is necessary to prove that in a 
plot where each star is represented by its distance from 
the galactic plane as ordinate against its velocity com- 
ponent at right angles to the plane as abscissa the 
resulting scatter diagram will consist of a number of 
concentric and similar ellipses, one of which—if the sun 
is a member—will pass through the origin. Its equations 


will be 
—2xoa-+n? (y’— 2yoy) =0, (4) 


the tangent at the origin 


xox n?yoy=0, 
the slope 
dy Xo 


dx nyo 


The ellipses in Fig. 2 are to show that resolution is 
possible, at least near the origin, even between two 
groups whose velocities differ by as little as 2 km/sec. 
Of the two ellipses shown one passes through the origin, 
and the values «0, yo, and 2 are —0"014/yr, +0.14, and 


~Xe= Yor 4 ig 0 +5 or oO 
Fic. 2. Diagram showing arrangement in ellipses; sind ‘stoatea 
against velocity components perpendicular to the galactic plane. 


SCALED 


0"0817/yr; the other is concentric, has the same ratic 
of axes, and is smaller in the ratio 11/14. To examine 
the effect of errors in the distance moduli, one-half ot 
the plotted dots were shifted along the radius vecto1 
from a position on the ellipses to distances that are 1.¢ 
times larger or smaller, which corresponds to one 
magnitude in the modulus. There remained a clea 
channel where no stars occur, and this channel woul 
remain visible in a diagram obtained with the use ot 
distance moduli having a probable error of at least 4 
magnitudes. On the other hand the resolution depends 
very much on the probable error of the proper motions. 
We can thus predict the size of the proper motior 
from the latitude for all stars that belong to the group 
characterized by the ellipse Eq. (4), which may now be 
written as follows: 
/ 


a+ 284-+3 (y?— 28y) =0 (5) 
and where 
0.01y= 10°2("—) sind, (6a) 
and 
0.0014 = 109-205) yu. (6b) 


The slope of the tangent at the origin, 3, was deter- 
mined from the observations and should be nearly 
correct. The coordinates of the center may be off by 
considerable amounts. This, however, will hardly in- 
fluence the small stretch of the ellipse near the origin 
which is the only part used. Entering Eq. (5), with 4 
from Eq. (6a) the larger of the roots « we get, with Eq. 
(6b), the desired computed proper motions. When these 
are subtracted from the observed values the residuals 
should show a pronounced maximum at zero. 

The process has been applied to the G.C. prope 
motions with probable errors in each components less 
than 07002. (The high accuracy of these can be proved 
by looking at the differences with Morgan’s. These 
differences are small whenever the G.C. pe is small.) 
The further restrictions are that p sind, which appears 
in Eq. (2), and which was computed to the nearest full 
km/sec, should not exceed 2 km/sec, and —‘05< 
109-20"—-5) sinb< +°05. 

There are only 96 stars that fulfill these conditions, 
and they are almost all in the longitudes covered by the 
northern hemisphere. The (O-C) values show that 24 
of them form a group with dispersions less than -+’’002/ 
yr which stands out sharply, not at zero, however, but 
at —’’002. 

Unfortunately, the lack of proper motions of high 
accuracy in the longitudes between 210° and 330° makes 
it not possible yet to use the new criterion to full 
advantage. Extension of the present material to include 
some 60 qualifying stars in the southern hemisphere is 
necessary to derive the correction terms to the G.C. 
proper motions. 
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| DISCUSSION 
| VyssoTsky said that at the McCormick Observatory 
they had been engaged for many years in a direct 
‘determination of the correction to the equinox from 
| observations of proper motions. At the Paris Conference 
“Constants fundamental de l’astronomie”’ the correc- 
tion to Newcomb’s precession as derived from the 
proper motions of faint stars reduced to the FK3 system 
was given as +1723+-0710 (m.e.) per century. The same 
| correction determined from direct observations of the 
| sun and the major planets is —0"16. The reason for this 
large difference is not known. He mentioned this to 
appeal for a direct attack on this problem. He knew that 
there were at the Yale Observatory more than a thou- 
sand regions with a pair of plates taken at intervals of 20 
_years or more with the Yale Station refractor while it 
was still in South Africa. He felt that if 600 or 700 regions 
“were measured this would extend the McCormick 
_ program from declination —15° to the South Pole. If 
the system of FK3 or FK4 was used, then the solar 
“motion could clearly be separated from the terms of 
precession, and only a part of the galactic rotation term 
would be involved. He felt that this would be the best 
approach to determine the correction to the precession 
and the motion of the equinox, and hoped that some- 
body would do this. 

Oort pointed out that there were in effect two 
different problems involved in what Dr. Schilt had 
discussed. One was to determine the constant of pre- 
| cession and the motion of the equinox, while the second 
_ problem was to determine the motions of the stars in 
_the solar neighborhood. For the first problem, proper 
motions with high systematic and accidental accuracy 
are needed and it is important to include as large a 
volume of space as possible to avoid local effects. For 
this reason he disagreed with Dr. Schilt’s statement that 
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it was not desirable to include the very early O- and 
B-type stars on account of the clustering tendency. Such 
clustering is also present among the late B- and the 
A-type stars. By including these stars a much larger 
volume of space would be included in the solution. He 
agreed with Dr. Vyssotsky that it was desirable to have 
the Yale plates utilized for additional material on the 
fainter stars because it would still bea long time before 
the proper motions with respect to extragalactic nebulae 
would become available. As far as the motions of the 
stars in the solar neighborhood are concerned this is 
an interesting problem in itself but it does not require 
very accurate individual motions. 

ScuILt replied that his method required accurate 
knowledge of the absolute magnitudes, which meant 
that the photometric distances must be corrected for 
color excess. For the stars he had used, the average 
correction is very small. This would not be the case for 
the early O- and B-type stars, which was the reason 
that they were left out. 

VyssotsKy remarked that the McCormick plates 
covered the sky to —15° and that the Yale plates went 
to +10° declination. This would give a belt of 25 
degrees to tie two programs together in case of any 
systematic differences. 

BROUWER mentioned that it would be difficult for the 
Yale University Observatory to carry out this work 
because it was losing its experienced personnel due to 
retirement and that younger people were not available. 

ALDEN said that comparisons had already been made 
between Yale and McCormick plates in overlapping 
regions for proper motions of long period variables. 
Even though the Yale plates were in the photographic 
region and the McCormick plates in the visual region, 
having different background stars with different correc- 
tions to absolute, no systematic differences had been 
found. 
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Some Characteristics of Galaxies Which Bear on Their Use as a 
Fundamental Astrometric Frame of Reference 


W. W. Morcan 
Yerkes Observatory, Williams Bay, Wisconsin 


Differences in mean color of reference stars and highly concentrated galaxies are pointed out; certain 


astrometric implications are described. 


ECENT investigations have emphasized the rather 
close relationship between the stellar population 
of galaxies and certain characteristics of their forms; 
in particular, the spectral type (and therefore the color 
index) seems to change rather smoothly with the degree 
of concentration of luminosity toward the center of a 
galaxy. For systems having the highest degree of central 
concentration of luminosity, a spectral type of K is 
generally observed for the inner parts; this is in accord- 
ance with the observed color index of the inner regions 
of Sa, Sb, E, and certain other catagories of systems. 
The color index of the inner parts of these systems, in 
the case of galaxies so near as to be little affected by 
red-shifts, lies close to +1.0 mag on the International 
photographic system. 

Now, because of the characteristic of strong concen- 
tration of luminosity in the inner parts—and of sym- 
metry—these same galaxies furnish also the most pre- 
cisely measurable images for astrometric purposes. We 
have, therefore, to consider that a color index of the 
order of one magnitude will be applicable to the most 
accurately defined frame of reference of galaxies of 
around the 15th—16th magnitude; it is difficult to see 
how this conclusion can be avoided, since the bluer 
galaxies would, as a class, present serious difficulties 
in astrometric use. . 

We shall now consider the properties of stars which 
might serve as a preliminary frame of reference for the 
astrometric system of the galaxies. In the region of the 
north galactic pole, the most commonly encountered 
spectral type for 11th—12th magnitude stars is early G. 
These stars, therefore, have color indices approximately 
0.5 mag bluer than the galaxies themselves; and this 
difference in color index tends to be strongly systematic 
in nature. 

If such a difference in color exists between comparison 
stars and measured galaxies, great care is needed to 
avoid the danger of systematic errors in the intercom- 
parison. If there is an appreciable effect of color mag- 
nification in the objective used, the actual scale on a 
plate will tend to differ between the reference system of 
the stars and that of the galaxies. In the case of a 
program of differential measurements, secular depar- 
tures from perfect collimation of the objective during 
the time a series of plates is being obtained can reduce 
the accuracy of the derived motions. 

It would appear to be worthwhile to make a special 
effort to select reference stars which have—as a group— 


color indices within~a, few tenths of a magnitude oi 


+ 1.0. 


DISCUSSION 


VASILEVSKIS stated that they had investigated the 
possibility of matching the colors of various types 0! 
galaxies with stars. For the 12th magnitude a Tickoy 
diaphragm had been used. He had found that it woule 
be easy to find enough red stars to match the colors o! 
the galaxies, since the most common spectral type ot 
the stars was G. For this reason he was satisfied that 
the conference had agreed in a previous session that the 
Lick program should be confined to differential meas: 
ures. Even so, extreme care should be exercised because 
it was not certain that neither the instrument nor the 
color sensitivity of the photographic plate would change. 
The Lick astrograph has a color magnification which 
for a 103 a-0 plate amounts to 0"2 between the positions 
of an M- and.A-type star at the edge of a 17X17 in. 
plate. This is somewhat larger than the value 0712 
computed by Ross. He wanted to bring up the question 
whether red plates should be included in the Lick pro- 
gram. The Lick astrograph has two tubes intended for 
blue and red corrected objectives, but the red one was 
never made, although the glass is available. In order to 
get the same limiting magnitude in the red as in the 
blue for earlier spectral types it would be necessary to 
make up to six hours exposures as compared with two 
hours for the blue sensitive plates. 

Oort asked if thought had been given to having a 
photovisual objective. Such a program would require 
shorter exposures; the nebulae would be easier to ob- 
tain, and with the smaller wavelength range the color 
effects would be smaller. 

VASILEVSKIS said that they had thought of this, but 
that it would require either a partial or complete repeti- 
tion of all fields. It would also mean quite large addi- 
tional funds for this program. 

STRAND felt that in connection with the astrograph 
for the southern hemisphere thought should be given to 
a photovisual rather than a photographic telescope. 

BROUWER said he would hesitate to consider this 
because of the desirability of having the southern hemi- 
sphere program as close to the Lick program as possible. 

MorcGan remarked that a special type of hypersen- 
sitizing of emulsions was developed several years ago 
by the Eastman Kodak Company for Dr. Humason for 
obtaining spectra of very faint galaxies. The emulsion 
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_ had a peak at 5800 A and dropped off sharply at 6300 A. 
' Used in connection with a yellow filter it would be 
_ possible to have a high speed and at the same time avoid 
_ most of the troubles with chromatic magnification. 

Oort felt that it was more important to have an 
instrument without color-magnification error than to 
exactly duplicate an instrument which has one, unless 
there was a distinct advantage of such duplication. In 
regard to the question raised by Dr. Vasilevskis he felt 
that the cost of a new lens should be carefully considered 
_ against the gains which would be obtained. 

VASILEVSKIS thought that exact duplication of equip- 
ment would be desirable if absolute positions should be 
_ obtained. If only proper motions were wanted this would 
not be necessary. The question of a second lens for the 
‘Lick astrograph would have to be decided at the local 
| level, but even if a red lens was ‘obtained there could 
not be a complete repetition, but only selected fields 
would be taken. 

BROUWER remarked that it was not necessary for a 
Ross astrograph to have a color-magnification error, 
and that its presence is, in general, an oversight in the 
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design. However, in view of the atmospheric dispersion, 
it would be desirable to look into the possibilities of a 
photovisual type instrument. 

STOy wanted to know whether there were difficulties 
in obtaining suitable filters for such work. 

FRICKE replied that it was easy to get yellow sensitive 
emulsion as well as yellow filters. 

VASILEVSKIS felt that the filter should be considered 
an integral part of the telescope. It should be thoroughly 
examined for flatness and mounted in a stable position 
with respect to the telescope. 

Morcan stated that it was the practice of the Yerkes 
Observatory to refigure a commercially available filter 
to ensure optically flat and plane parallel surfaces. 

Stroy understood that Taylor, Taylor, and Hobson 
had had difficulties in obtaining homogeneous glass 
for filters. 

Danjon remarked that the absorption curve of 
colored glass depends strongly upon temperature and 
that this had to be taken into account. For example, the 
red filters in pyrometers vary considerably with tem- 
perature in the emitted wavelength. 


THE ASTRONOMICAL JOURNAL 


VOLUME 65, 


NUMBER 4 MAY, 1960 


An Investigation of the PFKSZ 


M. S. ZvEREV 
Pulkovo Observatory, Leningrad, U.S.S.R. 


The Preliminary General Catalogue of 587 Fundamental Faint Stars north of declination —20° (PFKSZ) 
was compiled at the Pulkovo Observatory on the basis of 14 catalogues obtained by 10 observatories of the 
U.S.S.R., Poland, and Rumania. The proper motions were derived using the AGK2, GC, and Yale Cata- 
logues. The graphs show the results of comparing the PFKSZ system with the FK3, GC, N30, and Puel 


for the epoch 1930.0. 


LL astronomical catalogues may be classified into 
two groups as follows: 


(1) Catalogues of observatories, obtained by direct 
observation—absolute or differential, meridian or non- 
meridian, visually photographically or by some other 
methods. These catalogues contain precise coordinates 
of stars. 

(2) Combined catalogues, deduced from a number of 
the catalogues of the first group and giving not only 
positions but in most cases also proper motions. There 
are two kinds of such catalogues. Catalogues of the first 
kind are compiled on the basis of a fundamental system 
and they may be called ‘‘General Catalogues.” The 
second kind consists of fundamental catalogues based 
on independent systems of coordinates and proper 
motions. 

The catalogue PFKSZ must be considered a general 
catalogue but not a fundamental one and should there- 
_ fore properly be called: “Preliminary General Catalogue 
of Fundamental Faint Stars.” 


SYSTEM OF THE PFKSZ 


The preliminary general catalogue of fundamental 
faint stars (PFKSZ) has been compiled at Pulkovo 
Observatory in 1958 by D. D. Polozhetsev and myself 
(1958). The catalogue contains 587 FKSZ stars north 
of — 20° declination. It is based on 14 catalogues com- 
piled during the last 15 years at ten observatories 
(Buckarest, Golosseyevo near Kiev, Kazan-Engelhardt 
Observatory, Kharkov, Kiev, Moscow-Sternberg- In- 
stitute, Odessa, Pulkovo, Tashkent, and Wroclaw). 
Most of the catalogues have been obtained from 
differential meridian observations in the FK3 system. 

The PFKSZ was derived by the classical method, 
using punch-card machines. The catalogues of the 
observatories were reduced to a weighted mean system. 
The weights of the catalogues with regards to their 
systematic errors were obtained by using the differences 
between the preliminary mean system and each cat- 
alogue. The PFKSZ proper motions were calculated in 
the FK3 system on the basis of a comparison of the 
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PFKSZ positions (mean epoch about 1949) with those 
of the AGK2, Yale Catalogues, and GC reduced to the 
FK3 system. The mean errors of the positions and 
centennial proper motions of the PFKSZ stars are 


€q COSO= +080068; es= 07127 
¢, cosd= £02029; ¢,/=+0"b50. 


Direct comparison of the PFKSZ coordinates and 
proper motions with those of the GC for the epoch 
1950.0 gave unsatisfactory results because of the low 
accuracy of the GC positions of the faint stars for that 
epoch. Therefore the comparison of the PFKSZ with 
the FK3, GC, N30 and Pual was made for the epoch 
1930.0 by means of the AGK2. The results of this com- 
parison revealed that the PFKSZ system is close to the 
FK3 as shown in Fig. 1. The system of the RA of 
PFKSZ is also close to the Puai and N30 (the systemat- 
ical deviations do not exceed +0°005 secéd). The system 
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Fic. 1. Differences Aa, between PFKSZ and FK3, GC, N30, 
and Pual. See legend with Fig. 2. 
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Fic. 2. Differences Aas between PFKSZ and FK3, © 
GC, N30, and Pual. 


of declination is in good agreement with N30 (system- 
atic differences $+0"08). 

As to the Aa, errors, a curious fact was revealed. The 
PFKSZ Aa, system agrees closely with that of the FK3 
in the declination zone from +30° to +60° [ Fig. 1(c) ], 
but not in the other zones. In the zone +60° to +90° 
the PFKSZ has its own Aa, system, which differs from 
the systems of fundamental catalogues (systematic 
differences reach +0005 secé). The Aas PFKSZ system 
deviates substantially from the FK3 in the circumpolar 
zone (Fig. 2). Both of these facts may be explained as 
the result of the method of making meridian observa- 
tions in broad zones (up to 40° wide). This method 
makes it possible to exclude some of the systematic zone 
errors of the fundamental catalogue. 


COMPARISON OF THE PFKSZ WITH THE ZONE CATALOGUES 


The comparison was made for the epoch of the zone 
catalogues. Because of the low number of stars in com- 
mon (from 17 up to 32 in the zone), mean accidental 
differences only were calculated. The coordinates of the 
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TaBLe I. Mean errors of the photographic zone catalogs derived from comparison with the PFKSZ. 


€”,cosd €”, cosd e”5 (ns €” ~ COSd e”5 


for the epoch of observations for 1960.0 


| Epoch 

| Catalogues Zone n E e”; 
Yale 24, 25 +20°+30° 54 1928 +0714 

| Yale 18, 19, 20, 21, 22 —2°+20° 135 1938 0.17 

ee Wale 11,12, 16,17 —20°-2° 103 1934 0.17 

: Pulkovo, Vol. 60 +70°+90° 65 1930 0.40 
AGK2 0°+90° 463 1930 0.15 
PFKSZ —20°+90° 587 1949 


+0707 +4173 +0704, +077 +0742 +0"23 
0.16 1.0 .18 thea aH 30 
0.20 1.6 2S Ae -46 502 
0.39 B39) sae AB ers 
0.16 ; 15 aan ae ace 

+0.10 +0744 +0.13 ealhor Gail ee) 


Yale zone catalogues were reduced to the FK3 system 
using the tables by Miss Barney (1951), and those by A. 
Kopff (1939). The proper motions of the Yale Catalogues 
were compared with those of the PFKSZ without any 
‘reductions. The results are shown in Table I. 

n is the number of stars in common; é”’; is the mean 
error of the R. A. and Decl. from the catalogues, e’’. 
cosé, «””, cosé, ¢’’s and e’’,/—are mean errors of the 
zone catalogues for the epochs of observations as ob- 

' tained from a comparison with the PFKSZ. In the last 
two columns are given e”, cosd and e’’s for the epoch 
1960.0. The last line shows the corresponding data for 
the PFKSZ. 

The data indicate that the e’’ and e’’, are in general 
in good agreement with only one exception. For the 
Yale Catalogues, Volume 24 and Volume 25 (zones from 
+20° to +30°) we obtained extremely small and unreal 
mean errors of about 0705 for both coordinates, which 
do not agree with the errors given in the catalogues. 
This shows the high accuracy of these zone catalogues, 
which were obtained as a combination of the Yale Cat- 
alogues, Volume 9 and Volume 10 and the AGK2. It 
also shows the high accuracy of the PFKSZ (the real 
errors of the PFKSZ in these zones are probably smaller 
than the mean values given above). 


It may be noticed that the mean errors of the Yale 
Catalogues for the epoch 1960.0 are rather large because 
of the inaccuracy of the proper motions. It is necessary 
to state that for the moment we do not possess the 
precise coordinates for the faint stars, which may be 
used for the reduction of the photographic observations, 
especially of the observations of the minor planets. This 
critical situation will soon be improved for the northern 
hemisphere after the AGK3R and the AGK3 are 
finished. As for the southern hemisphere the situation 
is not so clear. Some proposal concerning this problem 
will be made in our Second Report, which will be 
communicated by Dr. Nemiro. 
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DISCUSSION 


FRICKE wanted to call attention to a paper by H. R. 
Morgan (Astron. J. 54, 145 1949) in which Morgan had 
studied the magnitude errors of the G. C. and that these 
results should be compared with the results of Zverev. 
He felt that the results by Zverev look very reasonable 
compared with the results obtained at Heidelberg. 
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A Plan of U.S.S.R. Participation in Astrometric Observations in the 
Southern Hemisphere 


A. A. Nemrro AND M. S. ZVEREV 
Pulkovo Observatory, Leningrad, U.S.S.R. 


A plan is outlined for an astronomical expedition to the southern hemisphere for the purpose of making 
absolute and differential meridian observations of stars, and photographic observations of stars and galaxies. 


URING recent years the Soviet observatories have 
been working on the Catalogue of Faint Stars 
(KSZ). This project includes absolute and differential 
meridian observations of selected minor planets and 
galaxies. The KSZ plan was agreed upon in 1952 by the 
8th General Assembly of the I.A.U. in Rome. Observa- 
tories in several countries participate in the KSZ proj- 
ect, and it is closely connected with the AGK3 project 
because all the KSZ stars in the northern hemisphere 
have been included in the list of the AGK3R. 

Since the KSZ plan requires observations covering the 
whole sky, it is very important that the Cape Observa- 
tory has taken part in the meridian observations of the 
FKSZ stars, in photographing minor planets, and in 
the compilation of the list of KSZ stars for the southern 
hemisphere. We consider the active participation of the 
Santiago and Sydney Observatories in the photographic 
observations of minor planets as very valuable. The 
Santiago Observatory is in the process of photographing 
the southern galaxies and has agreed to examine the 
plates, select the suitable galaxies, and compile the 
working list for observations of the regions. We hope 
that the observatories in Cordoba, Perth, and Sydney 
will be able to take part in the work. The La Plata 
Observatory was also going to participate in the KSZ 
plan, but the status of the work is uncertain. © . 

In spite of the very valuable participation in the KSZ 
plan by the observatories mentioned above, the general 
weight of the results for the southern hemisphere can 
not be as high as that obtained for the northern hemi- 
sphere. The work on the compilation of the FK4 at the 
Heidelberg Rechen-Institut has revealed that more ab- 
solute observations of the southern stars are needed. 

In view of this situation, the Academy of Sciences of 
the U.S.S.R. has decided to organize an astronomical 
expedition to the southern hemisphere in the near 
future, probably from 1960 to 1964. The plans are that 
the expedition will make the following astronomical 
observations : 

1. Absolute observations in right ascension and dec- 
lination of bright and faint fundamental stars. The pro- 
gram will be coordinated with the programs of other 
observatories, and especially with the Cape Observatory 
program. 

2. Differential observations of the reference stars of 
the southern sky including the KSZ stars. The Cape 
Observatory program for these stars will be used. 


3._Photographic observations of galaxies and minor 
planets in addition to the observations made at other 
observatories. 

The question about the site of the expedition and its 
equipment has not been decided as yet. The work of 
the expedition would be rather simple and productive 
if it could be located at a southern observatory. If this 
were the case the observations could be made on a co- 
operative basis. 

We propose that the work of the expedition be a 
part of an international cooperation in this field. It 
would be desirable that all participants use the same 
program of observations, or programs which are closely 
coordinated. 

We hope that the conference will discuss this im- 
portant problem and also find out who would participate 
in the proposed program. 


DISCUSSION 


Stoy thought that the conference would heartily en- 
dorse plans to send equipment and astronomers trained 
in meridian work to the southern hemisphere. He felt. 
this was the best way to increase the accuracy of the 
southern fundamental system. 

BROUWER agreed this was the best solution for the 
immediate future, but that in a long range program it 
would be best to develop the southern hemisphere ob- 
servatories to the point of being able to rely on their 
own talents. ; 

Oort felt that the two programs could easily be com- 
bined, because the first program would help to activate 
the work in the southern hemisphere observatories. 

GRATTON wished to emphasize that the Cordoba Ob- 
servatory was anxious to participate in a program of 
observing proper motions of stars with respect to gal- 
axies with the Carte du Ciel astrograph. 

SCHILT wanted to know if it would be possible for 
the Washington group to participate in the program 
offered by Dr. Nemiro in order to make the program 
truly international. 

Scort replied that there were no definite plans since 
they were waiting for the outcome of this conference to 
find out what would be the best solution to contribute 
to the program of reference stars for the southern 
hemisphere. 

HeErceEt felt that the purpose of the conference was 
to outline the problems, and that their solutions would 
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have to be decided in the future. From the papers pre- 
sented, it appears that each of the southern observa- 
tories has its own problems. A partial solution seems to 


_ be the plan outlined by Dr. Nemiro. 


ZVEREV remarked that the astronomers of the 
U.S.S.R. did not wish to pick their own site but wanted 
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to find southern observatories with which they could 
work in close cooperation. After their expedition left, 
the work could be continued by the observatory in 
question. While definite plans had already been worked 
out, the Russian astronomers were willing to follow any 
suggestions made by the conference. 


NUMBER 4 MACY, §1:9'6,0' 


Problems of Dividing Accurately the Circles of Meridian Instruments 


A. Danjon 
Observatoire de Paris, Paris, France 


A new method of engraving lines on standard meters is described. It is proposed that a similar method 


be used for the circles of meridian instruments. 


HIS report deals with the experience gained re- 
cently at the ‘Bureau International des Poids et 
Mesures” in engraving graduation lines in metal. The 
standard meters are defined by two lines engraved in 
the metal. The lines have a very small depth of 1 to 2 yu 
and a width of about 10 w. With this profile of a shallow 
“U”’, the measured position of the line is strongly de- 
pendent upon the angle from which it is viewed and 
upon the direction of the light with which it is 
illuminated. 

Profiles of this kind originate from the way they have 
been engraved with a diamond. Originally the edges are 
protruding over the surface, but since they must be 
removed the reference line becomes very shallow, and 
with time more so, because of removal of additional 
metal in the cleansing process. 

The lines in the standard meter are of better quality 
than the lines on most circles used in meridian work, 
because the latter ones are usually blackened with 
varnish, which does not improve the quality although 
it does make them easier to read. The meters are also 
made of platinum while the circles usually are of some 
softer material. Since it is difficult to make and keep the 
lines of the standard meter sufficiently accurate it is 
now planned to define the standard length by wave- 
length. 

In the meantime it is still very important to improve 
the standard meters which exist in various countries, 
and contact has been made with the Societé Genevoise 
d’Instruments de Physique, for determining ways to 
make the lines so that they will be sharper and have 
such a shape that by cleaning the surface they become 
narrower rather than more shallow. The Societé 
Genevoise has only been able to study this problem 
because it can be done on a rather large scale. There 
are several standard meters in Paris besides the real 
standard meter of the “Bureau des Poids et Mesures”, 
which of course is sacred and cannot be touched. 
Counting-in those in other countries there is a total of 


50 standard meters which the Societé could undertake 
to revise. 

The profile for the new lines are V-shaped with a 
width of 4 at the top. If the surface is worn down the 
lines become narrower, instead of broader as they did 
in the past. 

The edges are perfectly straight, and because of the 
shape of the surfaces in the line the illumination does 
not affect the position of the line, and it looks black 
under any illumination. 

The engraving of divisions of circles is a more difficult 
operation than engraving lines on a bar. 

The Societé has made divisions with errors less than 
0.1 uw. 

Compared to these results, the divisions on the 
meridian circles are far inferior to those on the standard 
meters. For this reason it might be possible to agree at 
this Conference to have the circles redivided by one and 
the same firm, when it became necessary to have the 
various circles redivided. Unless all circles are done by 
the same firm it would not be possible for one firm to 
carry out experimentation in making circle divisions 
of high precision. 

It is therefore suggested that those interested in 
having this done should contact the Paris Observatory. 
If sufficient requests are received contact would be made 
with a firm to see if it would be interested in tackling 
this problem. 


DISCUSSION 


VASILEVSKIS remarked that they were interested in 
the division of scales in connection with the new 
measuring machine. It was first proposed by Gaertner 
to make metal scales with division having a width of 
10 uw. Glass scales have also been discussed and Gaertner 
has a method to make divisions being only 3 wide. 
He wanted to know Dr. Danjon’s opinion about glass 
scales vs metal scales. 

DanjJoNn said that the scales of the standard meters 
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are being read photoelectrically and felt the same should 
be the case for the reading of the meridian circles, but 
that this is not possible at the present time because of 
insufficient quality of the lines. In regard to the question 
of glass vs metal, he felt that the experience gained in 
Greenwich with glass circles was not favorable. He 
himself was doubtful about using glass scales on account 
of the difference in the coefficient of expansion of glass 
and metal parts. 

VASILEVSKIS was thinking about linear scales to 
measure glass plates, so that the scale would have the 
same or similar coefficient of expansion as the photo- 
graphic plate. He wanted to know if Dr. Danjon ob- 
jected also to the use of linear glass scales. 

Danjon said that the experience he had gained at 
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the ‘“‘Bureau des Poids et Mesures” had taught him that 
platinum or stainless steel scales are the only ones that 
are suitable if precision of 0.1 is required. Glass is 
fluid to some extent and cannot be trusted to the above 
precision. If, however, precision of the order of 1 yu is 
aimed at, glass scales would suffice. In case of merid- 
ian circles an accuracy of a few tenths of a micron is 
needed and glass would be dangerous. 

Stoy remarked that Hilger and Watts were regrad- 
uating circles for the-Cape as well as for Ottawa and a 
Portuguese Observatory. The engraving is on metal 
and they are using the same techniques as are used for 
their engineering scales. The dividing engine is that 
constructed by Mr. Watts in 1904, and it can take 
circles up to at least 30 in. in diameter. 
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The Use of a Very Wide-Angle Camera for Catalogue Work 


D. BROUWER 
Yale University Observatory, New Haven, Connecticut 


It is proposed to experiment with the use of cameras covering fields of 15° by 15° or 20° by 20° on 17- X17- 
in. plates for the measurement of the reference stars observed with meridian circles. The object would be to 
smooth out the errors in the reference system, reduce the number of meridian circle observations, or make 
it possible to concentrate the meridian circle observations on fewer stars. The flatness requirements will be 
more severe than for plates covering smaller fields. Also, the reduction may present new problems. 


HIS report deals with the problem of providing 
enough meridian circle observations to have the 
necessary reference stars needed for covering the sky 
with photographs. This is particularly a problem in the 
southern hemisphere. One solution would be to use a 
camera with a wider angle than has been used at the 
Yale Observatory. At the present time 17- X17-in. 
plates are used, where the side corresponds to 11°. 
Actually, zones 11° wide in declination have been 
measured, but as a rule a field of 10° 10° is used. 

A quotation has been received for the design of a 
camera which would adequately cover a field of 15°X 
15° on 17- X17-in. plates. This would reduce the focal 
length to somewhere between 50 and 55 inches, with the 
scale of the order of 130’ per millimeter. 

In the meantime, the question has come up con- 
cerning the desirability of an instrument with a field as 
large as 20°X 20° on a 17- X 17-in. plate. The scale would 
be of the order of 200” to the millimeter. 

For such a large field it would be important to use 
plates of greater flatness than have been used in the 
past. Originally 0.25-in. glass plates made by the 
Pittsburgh Plate Glass Company, which were first 
examined for flatness, were used. At the present time 
the 0.19-in. glass furnished commercially by Kodak has 
turned out to be fully satisfactory. 

In dealing with such large fields as 20° 20° it will 
also be necessary to look more carefully into the effects 


of aberration and refraction which perhaps cannot be 
represented so well over such a large area by a simple 
quadratic formula. These effects may have to be com- 
puted as part of the plate reduction. 

The importance of this project would be the possi- 
bility of smoothing out the errors in the reference system 
and conceivably reduce the number of meridian circle 
observations or make it possible to concentrate the 
meridian circle observations to fewer stars. The posi- 
tions of the intermediate stars would be obtained with 
the wide-angle camera. It would not be necessary to 
measure a great number of stars on the plates, but only 
those which would actually be used as reference stars 
for measurements of fainter stars on plates with smaller 
fields. The loss of accuracy due to the smaller scale 
could be made up by taking each field a number of times. 


DISCUSSION 


Danjon wanted to know if there was a manufacturer 
for such an objective. 

BROUWER replied that there was a definite quotation 
by Perkin-Elmer for two cameras with a 15°X15° field. 

Dieckvoss wished to call attention to the work of 
Couderc at the Paris Observatory, who had combined 
seven plates in a row, each covering half a field in com- 
mon with another plate. He believed that only three 
groups of reference stars were used. Such work could 
also reduce the meridian circle work considerably. 
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_ DANjoN wanted to expand on the remark by Dr. 
Dieckvoss. The experiment was made by Baillaud and 
Couderc according to a plan proposed by Turner. On 
the same plate they exposed 10 to 20 different fields 
and reduced them to the same system. The results were 
very satisfactory, and if this is possible with a Carte du 
Ciel telescope of a 2°X2° field, much better results 
could be obtained with an instrument having a 5° field 
in diameter. This method might be easier and more 
satisfactory than using very large fields. 

Dieckvoss said that it was not necessary to assume 
that the plate constants remained unchanged, and that 
a kind of triangulation can be made from one field to 
the next, and in this way cover a large field of the sky. 
This would diminish the meridian circle work. 

VASILEVSKIS remarked that it had been proposed to 
enlarge the field by using larger plates rather than by 
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using instruments of shorter focal lengths. He felt that 
neither Lick nor Yale with their experience with 17- x 
17-in. plates would be willing to go to 27- X 27-in. plates. 
If, however, the same plate size is kept and the focal 
length decreased in order to get 20°X20° fields, then 
there would be many problems to solve. Besides flatness 
of the plates, there may be large corrections for plate 
tilt and distortion, which could be taken care of by using 
many reference stars, but this would take away the 
advantage of the large field. 

STRAND felt that in the case of a very wide-angle 
camera it would be necessary to know the tangential 
point with very high precision. This could be done by 
having fiduciary marks built into the instrument. 

BROUWER agreed with Dr. Vasilevskis that 17- x 
17-in. plates were hard enough to handle. One should 
not lightly consider using even larger plates. 


NUMBER 4 MAY, 1960 


Very Accurate Positions of Selected Stars 


J. H. Oort 
Sterrewacht, Leiden, Netherlands 


Discussion is invited on the subject of transferring the accuracy of the fundamental system to a list of 


stars of particular interest. 


HE possibility of improving the fundamental sys- 
tem to give an accuracy of 0"001/yr in the proper 
motions has been discussed at great length. The ultimate 


purposes for which this great accuracy is needed, is to 


get a better distance scale in the universe, a better 
determination of the constants of galactic rotation, and 
better determinations of the motions of certain stars 
of special interest. 

At the time of the Brussels meeting, Dr. Blaauw and 
some others drew up a list of stars which were thought 
to be of particular interest. The problem which one is 
confronted with is the transfer of the accuracy of the 
fundamental system to these particular stars, of which 
only a small number are included among the funda- 
mental stars. The question is; what is the best way to 
obtain an accurate link between the fundamental system 
and these special stars? One possibility is to take a 
fairly large number of plates with an instrument like 
the Lick astrograph in the galactic zone between — 10° 
and 10° galactic latitude. It would not be necessary to 
go beyond the 12th magnitude, but at least two ex- 
posures would be needed at each epoch. 


DISCUSSION 


FRICKE wished to know what types of stars should 
be observed. 

Oort said that in the list were O- and early B-type 
stars, Cepheids, and supergiants. 

Drecxvoss told that they had received such a list of 
stars, and that they were prepared to take second epoch 


plates of them as soon as the AGK3 program was com- 
pleted. It would be quite a task to tie these stars into 
the fundamental system. The Lick astrograph would 
give a higher accuracy. 

FRIckE felt it would be helpful to the people who have 
to do this work to know in advance something about 
these stars. In his opinion, such a program would be all 
right for objects which can be expected to have meas- 
urable proper motions, so this had to be studied in 
advance. For this reason it would be useful to have all 
the data which are already known about these stars 
to go with the list. 

Oort said that for some purposes proper motions 
were wanted for stars too distant to have individual 
motions. In determining galactic rotation, stars with 
very small proper motions would be desirable as long 
as they are accurate and tied in with the fundamental 
system. 

SrrRAND remarked that another group of stars for 
which it would be useful to get very accurate proper 
motions tied in with the fundamental system would be 
stars in galactic clusters. 

Diecxkvoss said that the list included several dozens 
of Cepheids, and that much could be learned from ob- 
serving them, because of the poor state of the knowledge 
of the distances and proper motions of the Cepheids. 

Oort wanted to emphasize that the required accuracy 
should be of the same order as the accuracy of the 
fundamental system, which meant yearly proper mo- 
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tions with mean errors of the order of +07001 to 
+0002. 

VASILEVSKIS said that in addition to the regular Lick 
proper motion program there are other proper motion 
programs already in progress at Lick. One program deals 
with Selected Areas taken on 10- X10-in. plates. A 
second program is to determine proper motions of all 
clusters within one kiloparsec with apparent diameters 
20’ or more. A number of plates have been taken of each 
cluster to bridge a very wide range of magnitudes in 
case they are needed. When the regular Lick proper 
motion program is completed stars can be selected to 
serve as reference stars for the determination of absolute 
proper motions of these clusters. The program men- 
tioned by Dr. Oort could be undertaken without great 
difficulties because the 20-in. astrograph is rather idle 
at the moment. Since only the 12th magnitude is wanted 
the exposures would be short. Many of the stars which 
are wanted will be measured in the regular program, 
but in the region of —10° to 10° galactic latitude the 
star density is very high and many stars might have to 
be omitted. In conclusion, he would like to know 
whether, if a photo-visual lens was obtained, this 
would be more preferable for this work than the photo- 
graphic lens. 

Oort felt that the photo-visual system would be the 
best. Some stars on the program are blue, and since so 
many of the reference stars are yellow this would be the 
best way to reduce the color effect. Dr. Vasilevskis had 
said that they already had taken some early plates 
which might be used for this purpose. This would de- 
pend upon whether the fundamental stars would be 
measurable on the plates, because otherwise, there 
would be a second link between these stars and the 
proper motion stars. Moreover, one or two exposures 
would not give the sufficient accuracy for’ this purpose 
which requires at least 10 exposures at each epoch. 

LuyTENn would like to suggest another program for 
the Lick astrograph. For the Hyades, proper motions 
are needed for members down to the 17th magnitude. 
Their proper motions are so large that within a 10-year 
interval good proper motions can:be obtained. About a 
dozen fields would be required with only a few plates 
of each field. 

VASILEVSKIS replied that the first plates of the Hyades 
were taken in 1948 and a second epoch plate was taken 
in 1958. With the new blink comparator just received, 
a search will be made for faint Hyades members. 

FRICKE said that Dr. Brouwer and he were willing to 
work out a detailed plan for the construction of a re- 
vised General Catalogue (GC). In view of the import- 
ance of the special stars which have been discussed 
special attention should be given to finding out how 
many could be included in this catalogue. 

GRATTON pointed out that there are several fields 
for which plates have been taken in large numbers at 
many observatories. For example, the Pleiades in the 
northern hemisphere and fields in the Magellanic Clouds 
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and around Eta Carinae in the southern hemisphere. 
Perhaps it would be worthwhile to undertake a special 
investigation of these plates. 

Oort agreed that this ought to be done because these 
regions are some of the most interesting known, and 
there is a good chance that, for instance, rapidly moving 
stars such as were found in the Orion region may be 
found. : 

Stoy said that he understood that the problem, in 
the first place was to-get accurate positions at a given 
epoch. He felt that the logical instrument for this would 
be the normal astrograph as used in the catalogue work. 
He therefore suggested that when observations were 
made for the catalogue these objects should be measured 
along with the reference stars. 

Oort preferred to use the Lick instrument because 
the larger focal length would give greater accuracy. 
Efforts should also be made to have a greater number 
of exposures. Any attempt to strengthen the positions 
for these stars would be welcome, but the requirement 
of tying them into the fundamental system in the most 
direct way must be fulfilled. 

Sroy said that a direct tie into the fundamental sys- 
tem would be obtained if the stars in question were 
measured at the same time as the reference stars. 

Scott expressed interest in the discussion of tying 
these stars into the fundamental system by photo- 
graphic means. He believed that it had been agreed 
upon at the Brussels meeting, that the meridian circles 
should observe the Blaauw and the Parenago lists. The 
stars on the Blaauw list have been observed and efforts 
are being made to observe the stars in the Parenago 
list not included in the Blaauw list. There is a problem 
of congestion in both lists which makes it almost im- 
possible to even cover 30 minutes in right ascension. 
He believed that on the Blaauw list about 80 to 90 
nights were spent in one place, and the same applies 
to the Parenago list. Lists of this kind are a great con- 
cern to the meridian observers because usually all stars 
are completed for many hours of right ascension, and 
there is still a large number of stars to be measured in 
a small region near 5530™. If it was perhaps possible to 
observe a selection of stars sufficient to tie the remainder 
into the fundamental system, this would relieve the 
meridian observer from the problem of congestion. 

VASILEVSKIS said that he was surprised to find that 
the two star lists were meant for meridian circle ob- 
servations. Of course the basis for positions and proper 
motions depends upon such observations to establish the 
fundamental system. On the other hand, the positions 
can be obtained individually, relative to some given 
reference frame, with much higher accuracy and more 
economically by photographic means. For this reason 
he felt the stars on the two lists should mainly be ob- 
served photographically, but in close cooperation with 
the meridian circle observers so that the stars can be 
tied in as rigorously as possible to the fundamental 
system. 


Vyssorsky remarked that even with a long focus 
refractor, such as the McCormick Observatory telescope 
with a field of only 40’X60’, quite accurate proper 
motions could be obtained for Cepheids reduced to the 
AGK2 system from a time interval of 60 years. Motions 
of Cepheids as faint as the 9th magnitude could be 
obtained in this way. Since two first epoch plates were 
taken for each Cepheid about 25 to 30 years ago it is 
within the span of human life to obtain proper motions 
for these objects. Sometime ago the McCormick ob- 
servers had been urged to finish at least the proper 
motions for the brighter Cepheids, but it was found that 
a time interval of at least 60 years would be needed. 

He questioned that the time interval would be any 
shorter with the Lick astrograph because the motions 
are so terribly small. 

Stoy wanted to know if the problem was to get the 
positions of these objects in the fundamental system, or 
whether it was a question of getting proper motions 
relative to the background stars. He believed that 
Dr. Oort thought of the latter. 

Oort replied that this was correct. He felt that the 
plan of Dr. Vyssotsky was important and should be 
completed. However, the problem was to have a suffi- 
cient number of reference stars on the plates. If the 
_ proper motions of the Cepheids are wanted, there should 
either be enough reference stars to average out the indi- 
vidual motions or there should be reference stars for 
which positions and proper motions are so accurately 
known in the fundamental system, that they can be 
eliminated. 

Vyssorsky said that most of the Cepheids were in 
the Milky Way and that there would be between 12 and 
16 AGK stars on each plate and any number of faint 
stars for obtaining the plate constants. How accurate 
the AGK2 system is will not be known until the AGK3 
has been studied. 

Oort pointed out that if there were 12 stars on the 
plates with proper motions having mean errors of 
+07008/yr, this would still leave a mean error of 
+0002 for the average motion of the comparison stars, 
and that would be too large. The solution would be to 
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improve the proper motions of the reference stars by the 
method he had outlined. 

ScCHILT said that in discussing high accuracy for indi- 
vidual stars, he would like to call attention to the com- 
paratively few supergiant stars of about 5th magnitude 
for which proper motions are known with a probable 
error of +0"%002/yr. If a normal absolute magnitude is 
assumed, then the probable error corresponds to +1 
km/sec, which is the same accuracy with which radial 
velocities can be measured. If proper motions are to be 
obtained for stars which in terms of distance modulus are 
5 magnitudes further away then +07002/yr would 
correspond to +10 km/sec. 

The stars for which the proper motions are known or 
can be obtained with a probable error +0%002, are 
restricted to only a part of the hemisphere, and there is 
not a single star in the southern part of the galaxy. It 
is for this reason that he thought that the bright stars, 
particularly in the southern hemisphere, would con- 
tribute more to the knowledge of accurate stellar ve- 
locities than the fainter stars. While he did not wish to 
hold back any special program which had been in 
progress for a quarter century or more, he did wish to 
emphasize that for the closer stars there was a possi- 
bility of getting all three velocity components with an 
accuracy of about 1 km/sec. 

Oort felt that most of the stars Dr. Schilt was think- 
ing about could be included in the list of special objects, 
or, in any case, the two projects could be pursued 
simultaneously. 

ScHILT remarked that this would be a mixture of two 
projects. He was talking about meridian or astrolabe 
observations for his stars, while Blaauw’s list refers to 
photographic methods. 

Oort disagreed because it had first been proposed to 
observe the stars on Blaauw’s list with the meridian 
circles, but as Mr. Scott had remarked and others had 
indicated, the photographic method would be more 
suitable for getting accurate proper motions. 

Stroy reported that the stars of 5th magnitude and 
brighter were continuously on the Cape programs and 
accurate proper motions would be obtained. Only time 
could solve Dr. Schilt’s problem. 
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On the Completion of the Carte du Ciel 


W. Luyten 
University of Minnesota, Minneapolis, Minnesota 


It is proposed that every effort be made to complete the Tacubaya zones of the Carte du Ciel. 


XCEPT for two zones of the Tacubaya Observa- 
tory, the Carte du Ciel will be finished very soon. 
All the remaining unpublished zones of Potsdam, Edin- 
burgh, Melbourne, and Sydney are either in print or 
close to being in print. At the general assembly of the 
J.A.U. in 1958, a resolution was passed urging the 
completion of the Tacubaya zone. In discussing this 
problem with Mrs. Pismis de Recillas in Mexico City, in 
March, 1959, it was found that all plates had been taken 
and that half of the — 11° zone had not only been meas- 
ured but also reduced with the data ready for the printer. 
Since the project is so near completion, every effort 
should be made to complete the lacking data. 


DISCUSSION 


Danion remarked that he had discussed this problem 
with Dr. Couderc, the President of the Carte du Ciel 
Commission of the I.A.U. Dr. Couderc had not been 
able to get a clear picture of what remains to be done. 
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However, if the completion of the work could be en- 
couraged by assistance in measurements and reductions, 
the Paris Observatory would be willing to consider such 
a plan, if funds could be provided to meet the expenses. 

Oort said that he knew Dr. Haro was very reluctant 
about completing the astrographic zone, because Dr 
Haro felt that he had just enough of a staff to carry out 
the investigations he and his staff were interested in. 
It was essential, in his opinion, that the catalogue be 
completed, and in case someone at the Paris Observa- 
tory was ready to go to Tonantzintla it should be 
attempted to get funds from the I.A.U. 

Danton felt that the most practical solution wouly 
be to have the plates shipped to Paris and measure 
and reduced there, but it would also be desirable to have 
Miss Canavaggia go to Tonantzintla and investigate 
what has been done. 

[Information has since been received that Dr. Harc 
has agreed to have the Tacubaya zone finished ir 
Mexico. Ed. ]. 
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The Luminosity Function 


W. LuytEen 
University of Minnesota, Minneapolis, Minnesota 


An observing program with the Palomar Schmidt telescope is proposed which would assist in determining 


the hump in the luminosity function. 


T is suggested to obtain observations which would 
assist in reaching across the hump in the luminosity 
function. A preliminary study has been made from six 
pairs of plates taken with the 48-in. Schmidt telescope 
at Palomar. The old plates were duplicate negatives of 
not very high quality, while the new plates are originals. 
With a time interval of only seven to eight years, any 
motion larger than 073/yr could easily be detected 
except for cases very close to the plate limit. While six 
pairs of plates are not sufficient it does look as if the 
large motions are beginning to disappear when the 18th 
or 19th magnitude is reached. At least, not as many were 
found as would be expected if there was still further 
increase in the luminosity function. In order to get at 
least a preliminary idea whether the hump of the lumi- 
nosity function has been reached approximately 20 pairs 


of plates would be needed. The work would not be ex 
tensive because to blink a pair of Palomar Schmid: 
plates takes about eight hours for galactic latitude: 
above 20°. 


DISCUSSION 


FRICKE said that he had mentioned in the mornings 
that he only planned to investigate the galactic pola: 
caps. If infrared spectral plates are taken for identifica 
tion of M-type stars, then there would be many distant! 
giants among them near the plate limit. In order t¢ 
reduce the work the polar caps should be selected be: 
cause there would not be many distant giants. In thi: 
way there would only be a few stars to measure wher 
the sizable proper motions had been found. 


ZS? 
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Reference Stars in the Southern Hemisphere 


A. A. Nemiro 
Pulkovo Observatory, Leningrad, U.S.S.R. 


(Translated by A. N. Vyssotsky) 


Discussion is invited on the subject of whether the list of reference stars for the southern hemisphere 


satisfies the rigid demands of the FKSZ. 


T is essential to have a very good system of reference 

stars for the southern hemisphere. 

The Cape Observatory has been engaged in this pro- 
gram for a number of years, as mentioned by Dr. Stoy 
at this conference and also recorded in the I.A.U. reports 
since the first astrometric conference in Evanston. Since 
a list of reference stars for the southern hemisphere is 
practically completed, it is important to discuss if this 
list satisfies the rigid demands of the FKSZ. 


DISCUSSION 


Stroy replied that the list was drawn up to satisfy as 
best as possible the required criteria. They had been 
worried about the faintness of some of the stars. If 
rigid conditions are set up in regard to which is wanted, 
it appears that nature has not always provided the stars 
in the right places with the right magnitudes, colors, 
etc. When these faint stars were checked it was found 
that they had already been used as reference stars for 
photographic work for the simple reason that they were 
the only stars available. He felt that the list represents 
a fair compromise and will prove satisfactory in setting 
up a catalogue. There is one star per square degree, and 
the Cape Observatory proposes to observe them in four 
equal zones with roughly 2000-3000 stars per zone. 
There are a total of 10 000 stars from declination —30° 
to the south celestial pole. All stars will be observed 
with reference to the fundamental stars. 

VASILEVSKIS said that according to the plans of sub- 
commission 8a of the I.A.U., the Yale Observatory had 
agreed to cover the zone from —2° to —30°, as an 
equivalent to the AGK2. He wanted to know if there 
was a good tie-in between the Yale and Cape work and 
FK3. 

Stroy replied that this question should be considered 
at this conference. The list was prepared by Dr. Zverev 
for —2° to —30°, but as far as he knew no provisions 
had been made for observing these stars, which would 
partly be observed from the northern and partly from 
the southern hemisphere. 

BROUWER remarked that a special committee was 
appointed by subcommission 8a to consider matters of 
organizing what would correspond to an AGK3 for the 
southern hemisphere. He felt sure that the committee 
would study this problem. 

Dreckvoss said that it had been agreed upon that 
the committee would prepare plans to be presented to 


the I.A.U. at the next General Assembly in 1961. The 
present conference should also look into this problem. 

HERGET questioned how this could be best done. If a 
special surveillance committee was appointed, what 
would its position be with respect to I.A.U. committee? 

BRouWER thought that the question was whether the 
conference would appoint a special committee or simply 
use the one setup in Moscow and add members to it to 
make it more representative. This could be discussed at 
the session dealing with the resolutions. 

Stoy wished to know if there had been any requests 
for supplementary stars to be added to Zverev’s list, as 
had happened in the northern hemisphere. 

Scott said that he had in a previous session men- 
tioned the list of stars between 0° and — 25° declination 
which had been prepared at the U. S. Naval Observa- 
tory some years ago. If one would add from this list to 
the Zverev list, the density would be nearly the same 
as for the Cape zone from —30° to —64°. At the Mos- 
cow meeting he had mentioned that the U. S. Naval 
Observatory would be willing to help in this program 
with observations and reductions. 

ZvEREV remarked that in case the planned expedition 
to the southern hemisphere from the U.S.S.R. became 
a reality they would prefer to observe the stars on lists 
approved by a responsible committee. 

Brouwer felt that everything should be done to ob- 
tain as good coverage of the southern sky as had been 
done in the northern hemisphere. This would mean that 
use should be made of all instruments and observatories 
available for such a program. He understood that the 
Cape program would take some 10 years to complete. 
If the Pulkovo Observatory could set up a station in 
the southern hemisphere, this would be a very welcome 
contribution. If other observatories in the southern 
hemisphere would participate in the work, this would 
also be valuable. He did, however, stress the difficulty 
of providing for the southern hemisphere a program 
equally strong as that for the northern hemisphere. As 
far as the photographic work is concerned, this would 
have to be decided among the observatories which were 
interested in participating in this work. Yale Observa- 
tory would like to repeat the zone of 0° to —30° 
declination. He also understood that Mr. Wood is 
interested in considering some photography and he 
felt sure that the Cape Observatory would consider 
further photographic work when the present program is 
completed. 
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DANJON recommended that the same scheme be 
worked out for the southern hemisphere as was used in 
the Brussels Conference in connection with the AGK3. 
At that time accurate statistics were made of the ob- 
servatories willing to participate, the zones, and the 
number of stars to be observed. It appeared that there 
were sufficient numbers of offers to cover both the 
Zverey and the Scott lists. A similar detailed approach 
would be needed for the southern hemisphere. 

Stoy wanted to raise the question of the choice of 
the fundamental stars, which were used by the observa- 
tories working differentially for comparison with their 
reference stars. As far as the Cape Observatory is con- 
cerned, fundamental stars will be observed from +30° 
declination to the South Pole, but the reference stars 
only from declination —30°. It would be important to 
give special attention to the proper choice of the funda- 
mental stars so that a suitable fundamental skeleton is 
obtained for tying in the reference stars. 


A VAS ONE Man RO 


Dreckvoss said that the task of photographing th 
whole southern sky with an astrograph with a 5°X5' 
field would involve approximately 2000 plates an 
could be accomplished in about nine months. How 
ever, to observe all the reference stars, and ti 
measure and reduce all the plates would be a ver: 
heavy task. | 

Stoy remarked that the results shown by Dr. Zverey 
in the previous sessions of combining the Yale Catalogu 
and the AGK2 were most interesting. If the referenc 
stars could be observed with two or more cameras, thi 
task with only two stars per square degree would no 
be heavy and it would also add enormously to th 
strength of the reference system and would help to elimi 
nate accidental and systematic errors. If Dr. Brouwe 
went through with the plans he mentioned, of repeatin; 
the Yale Catalogue, the material would be available t 


’ produce a really good catalogue. 
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td Report on the First Inter-American Conference on Astronomy at 
| La Plata and Cordoba, October 30 to November 3, 1959 


PREPARED BY DirK BROUWER, YALE UNIVERSITY OBSERVATORY, NEw HAveN, CONNECTICUT 
a 
| The Conference was made possible through the generosity of the Argentine National Council for Scientific and 
‘Technical Research and the National University of La Plata, which together provided for all expenses for the 
(participants while in Argentina. A grant from the United States National Science Foundation to the National 
¢Academy-National Research Council was made available to cover the travel expenses of most of the astronomers 
y {rom outside Argentina. 


| The participants were: 


_5r. C. Borel, Observatorio de La Plata, Argentina. 

Dr. Dirk Brouwer, Director Yale University Observatory, New Haven, Connecticut, U. S. A. 

‘Dr. C. U. Cesco, Director del Observatorio de San Juan, Argentina. 

Dr. R. P. Cesco, Director del Observatorio de La Plata, Argentina. 

‘Dr. G. M. Cienence Scientific Director, U. S. Naval Cusco Washington 25, D. C., U.S. A. 

Mr. John S. Coleman, Executive Secretary, Division of coe Sciences, U. S. National Academy of Sciences- 
| National Research Council, Washington 25, D. C., U.S.A 

(Dr. B. H. Dawson, Opscctoria de La Plata, vee mahi 

Sr. C. Etchecopar, Director del Observatorio Pororemice. Montevideo, Uruguay. 

‘Dr. L. I. Gama, Director del Observatorio Astronomico fe Rio de one Brazil. 

'Dr. L. Gratton, Director del Observatorio de Cordoba, Argentina. 

Sr. M. ie Observatorio de La Plata, Argentina. 

‘Dr. C.R. Jaschek, Observatorio de La lac. Argentina. 

Dr. J. Landi-Dessy, Observatorio de Cardona, Argentina. 

Sr. L. Milone, Observatorio de Cordoba, eae 

|Dr. G.R. Miczaila, Geophysics Reenc Directorate, Air Force Cambridge Research Center, Bedford, Massa- 
| chusetts, U.S. A. 

Sr. (OF Molina Serrano, Observatorio Astronomico de Quito, Ecuador. 

Dr. W. W. Morgan, Yerkes Observatory, Williams Bay, Wisconsin, U. S. A. 

)Dr. G. F. W. Mulders, Astronomy Program, National Science Reanim. Washington 25, D. C., U.S. A. 

Sr. J. J. Nissen, Observatorio de San Juan, Argentina. 

Dr. F. Rutllant, Director del Observatorio Astronomico de la Universidad de Chile, Santiago de Chile, Chile. 

| Dr. J. Sahade, Observatorio de La Plata, Argentina. 

Dr. Jan Schilt, Director Rutherfurd Observatory, Columbia University, New York 27, New York, U.S. A. 

'\Mr. F. P. Scott, U. S. Naval Observatory, Washington 25, D. C., U.S. A. 

‘Dr. S. Slaucitajs, Observatorio de La Plata, Argentina. 

‘Mr. Malcolm Thompson, Dominion Observatory, Ottawa, Canada. 


fi 


Additional members of the staffs of the La Plata and Cordoba Observatories, not listed as participants, attended 
‘some of the sessions. 

| The Conference was opened at 10:00 a.m. on Friday, October 30 at the La Plata Observatory with welcoming 
\remarks by Dr. Danilo Vucetich, the president of the National University of La Plata, to which Dr. Clemence 
‘responded with greetings from the American Astronomical Society and the National Academy of Sciences. 

Dr. CLEMENCE opened the business session by saying that this conference was a continuation of the Cincinnati 
‘Conference of May, 1959. The resolutions of that meeting will be discussed and we hope now to make definite 
plans for an astrometric survey of the southern hemisphere involving work with meridian circles and Danjon 
astrolabes at several observatories. But our interest is deeper than astrometry only: it is desirable to have Inter- 
American cooperation also in astrophysics and other branches of astronomy, and to exchange astronomers. 

The Chairman, Dr. R. P. Cresco, Director of the La Plata Observatory, noted with regret that the directors of 
Be observatories in Mexico, Venezuela and Colombia, who had been invited to attend, were unable to be present. 
A resolutions committee was appointed, composed of Brouwer (Chairman), Dawson, Gama, Gratton and 
Rutllant. 

_ The chairman then asked each of the participants to describe the facilities and lines of research of his observa- 
tory, and report on special difficulties encountered, and on plans for the future. These informal reports served 
imarily as background information for later discussions on specific problems. 
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in Latin American institutions can be increased only if more attractive positions can be made available. In oo 
cases younger staff members are forced to supplement their incomes by outside activities. In effect they ther} 
become only part-time astronomers. 

At the next session in La Plata, on Saturday, October 31, copies of the Cincinnati Resolutions were distribute | 
for discussion and comment. With regard to Resolution 2(c) (“That the Academy of Sciences of the U.S.S.R. pro} 
ceed with its plan of organizing in the near future an expedition to the southern hemisphere to engage in ail 
intensive program of astrometric observations’’), the representatives of Argentinian and Chilian observatoriey 
reported that both nations had received letters from the U.S.S.R. Academy on this subject. It was noted that thes 
letters were in accord with the language of this Cincinnati Resolution and that the question of replies to them wai) 
one to be dealt with by the governments of Argentina and Chile. aw 

The Conference endorsed the Cincinnati Resolutions unanimously with the understanding that some of thi 
resolutions resulting from the present meeting are to be considered as amendments to the Cincinnati Resolutions} 

On Sunday, November 1, the members of the Conference traveled by chartered plane to Cordoba via Villé 
Dolores where a visit was made to the satellite tracking station operated by the Smithsonian Astrophysica} 
Observatory. 

On Monday, November 2, the Conference resumed at the Cordoba Observatory with Dr. GRATTON presiding} 
Five items had been placed on the agenda: 


1. Interchange of Astronomers and Instruments 


Mr. John Coleman stated that there are numerous agencies in the United States offering fellowship programs} 
His office in the National Research Council has access to information about these programs. He suggested thai 
South American astronomers who wish to go to the United States write to him. | 

Mr. Malcolm Thompson reported on post-doctoral fellowships administered by the Canadian Research Council 
that are open to non-Canadians. q 

Latin American observatories are also interested in attracting experienced North American astronomers ag) 
visitors to use their instruments, to give seminars, and to teach. The budgets of some Latin American observatories} 
provide for allowances for room and board and other living expenses, -but generally not for travel. Mr. Coleman) 
suggested that such exchanges be made on an individual basis by the Latin and North American institutions) 
concerned whenever possible. The United States National Academy of Sciences is willing to assist in facilitating} 
initial contacts and possibly in securing financial aid for the necessary travel. 

A review of the exchanges of astronomers that had already taken place or were expected during the coming}! 
year showed considerable activity, but a number of specific needs remain to be satisfied. 


2s Publications. cae South American Observatories 


Dr. Gratton stated that South Acnepcas research in astronomy is not as well known in other countries as it 
should be, partly because much of the work is published i in observatory publications which have a low diffusion, 
partly persue of the language difficulty. Publication in the United States journals is very limited because the 
U. S. page charges are high as a result of the unfavorable rate of exchange. It was remarked that the United States} 
journals can eee waive page charges but that only limited funds are available for this purpose. Dr. Clem-| 
ence offered to propose to the American Astronomical Society the granting of financial aid to publication of 
South American papers in United States journals and that in the meantime papers should not be withheld 
because of inability to pay page charges. | 

Dr. Schilt suggested that the Latin American countries consider establishing jointly a journal like the Bulletin: 
of the Astronomical Institutes.of the Netherlands. This publication stimulated astronomy in the Netherlands and} 
demonstrated to astronomers all over the world the high level of astronomical activity in that country. | 

Dr. Sahade remarked that it would be necessary to wait a few years before such a solution could be realized. 
The consensus among the Latin American astronomers present appeared to be that there are not yet enough} 
contributions to create a successful journal. 


3. Permanent Inter-American Committee 


Dr. Gratton suggested that a group of four or five astronomers be formed to consider and coordinate problems| 
of cooperation between North and South American astronomers: for example, the planning of future conferences. | 
Mr. Coleman said that recently a subcommittee of the United States National Committee of the International | 
Astronomical Union had been formed to consider Inter-American cooperation in Astronomy, and he proposed that} 
two of its members also be members of the new permanent committee under discussion. He also remarked that the: 
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irganization of American States (OAS) had shown a great interest in the present conference and that it would 
Je appropriate for members of the conference to write OAS individually encouraging this organization to take 
| ‘jhe proposed Inter-American cooperation in astronomy as an initial scientific program for their recently formed 
Xesearch Committee. After further discussion it was decided that Mr. Coleman would suggest to OAS the form- 
‘tion of a new Permanent Committee. In the interim the whole group present at this conference might serve 
ls a temporary committee. (see resolution 3). Dr. Clemence was asked to serve as chairman of this temporary 
| ommittee. 


4. Proceedings of this Conference 


It was decided that the publication of the Resolutions and a short summary of the discussions would be de- 
,)trable. Dr. Brouwer agreed to write a short account in English for publication in the Astronomical Journal, if 
“A) jossible i in the same issue in which the Proceedings of the Cincinnati Conference are scheduled to appear. Dr. 
mG Jaschek will prepare the Spanish version for the Bulletin of the Argentine Astronomical Society. Dr. Mulders 
) igreed to prepare a more detailed report of the discussions to be distributed in mimeographed form to those who 
Attended the Conference, but which is not otherwise to be published. 


5. Discussion of the Resolutions 


The conference discussed at length the draft resolutions prepared by the resolutions committee. The discussion 
‘was continued on Tuesday, November 3rd, when the definitive version of every one of the resolutions was accepted 
, manimously. 

At this session also, the Conference unanimously accepted as expression of the feelings of all astronomers who 
‘bad come to Argentina for the Conference the vote of thanks proposed by Mr. Coleman at the banquet offered by 
+ the University of Cordoba on the previous evening. This vote of thanks reads: 

' “The success of any conference should be measured, not in the proceedings or pronouncements it may produce, 
if but rather by the rich and stimulating personal relationships that sometimes result. In this regard, the present 
conference measures high indeed—even on an astronomer’s scale. 

|| “The warmth and gracious hospitality with which our hosts have received us have set a standard which we are 
)sure that we can never equal but we trust we will have an early opportunity to approach. To our hosts of the 
. observatories of Cordoba and La Plata and the distinguished universities with which they are associated—to the 
directors of these institutions and the many faculty and staff members who have ene’ themselves in our 


i “toast a their continued success.’ 
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Resolutions Adopted at the First Inter-American Conference on Astronomy 
Held at La Plata and Cordoba, October 30 to November 3, 1959 


1. The Conference endorses the resolutions adopted by (c) With reference to Cincinnati Resolution 5, 
the Second Astrometric Conference at Cincinnati. that the observations of selected galaxies with 
the aid of a Carte de Ciel type astrograph are 


"2. The Conference learns with satisfaction : ; : 2 
; in progress at the National Astronomical Observ- 


(a) With reference to Cincinnati Resolution 2d, atory at Santiago, Chile, and that a beginning 
that considerable progress has been made with of similar observations is planned at the Observa- 
the construction of the La Plata southern station tory of Cordoba; moreover, that the Observatory 
“Felix Aguilar” in Santa Cruz and that it is ex- at La Plata has expressed the possibility of also 
pected that observations at the new station will taking part in the work. 


in during th 1960. 
pee manne toe year (d) With reference to Cincinnati Resolution 9, 


a) With reference to Cincinnati Resolution 3b, that the reprinting of the Cordoba Durch- 
that the astrolabe intended for the Observatory musterung is actually in progress. 
of Quito has been received at Quito, and that 
the instrument is expected to be in operation 3. The participants of the First Inter-American Astro- 
during the year 1960. nomical Conference consider that the Conference has 
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provided a valuable mechanism to further the develop- 
ment of astronomical research in the Americas and to 
enlarge the opportunities for cooperative programs in 
astronomical research and education among the Ameri- 
can nations. 

For this reason it is recommended that steps be taken 
to establish a continuing Inter-American committee for 
this purpose, leaving to each Nation the form of its 
participation. Pending the establishment of such a 
committee, the members of the present conference agree 
to serve in this capacity under the chairmanship of Dr. 
G. M. Clemence, with the understanding that members 
from Columbia, Mexico, and Venezuela are included 
subject to their acceptance. 


4, The Conference urges that further astronomical con- 
ferences be held in Latin American countries, and also 
emphasizes the importance of astronomers attending 
meetings of the professional astronomical societies of 
other countries. 


5. Important advances in astronomy in the western 
hemisphere are dependent upon an increased exchange 
of scientific personal and observational and educational 
opportunities among the several countries. 

The Conference notes with gratification the initiative 
which has already been demonstrated by individual 
astronomers and institutions in this direction and urges 
that the present programs be further strengthened and 
extended. In this, the cooperation and active assistance 
of the governments and major professional organi- 
zations are earnestly solicited. 


6. Among the most important future programs of 
positional astronomy is the extension of the AGK3 to 
the southern hemisphere. It appears that most of the 
meridian circles in South America will be available for 
such a program early in 1962. Consequently the Con- 
ference recommends that the Meridian Circles of Car- 
acas, Cordoba—San Juan, Santiago, La Plata, and 
Santa Cruz (this last in so far as possible without im- 
peding the program of fundamental observations) begin 
as soon as possible a cooperative program of obser- 
vations of reference stars for the photographic*catalog 
of the southern sky, with the expectation that all will 
be participating by 1962. The Conference also notes 


RESOLUTIONS 


* camera, if available, be assigned to this observatory a 


with pleasure the offer of the U. S. Naval Observator 

to compute the reductions of the stars from mean tq 
apparent place and to coordinate the results of rhe 
individual observatories into the final catalog. . | 


7. The Conference strongly favors the proposed transfei 
of the Meridian Circle now at Cordoba to San Juan, ane 
recommends that this move be carried out promptly 
so that active observations with this instrument 
begin in San Juan early in 1962. 


8. The Conference calls attention to the great ad 
tage of locating a Photographic Zenith Tube to b 
operated by the Observatory of La Plata on the sa 
parallel as that now occupied by the PZT at Mo 
Stromlo, Australia. 


9. In view of the desire expressed by the oa 
Observatory of Rio de Janeiro to acquire and oper 
a Markowitz camera, the Conference urges that suc 


hopes that the Government of Brazil will take a fav 
able view of this undertaking. 


10. (a) The Conference recognizes that the Observ: 
at Quito is an exceptionally favorable site for the ins’ 
lation of a reflector of appropriate size with m 
photoelectric equipment. Being practically on the 
restrial equator, this installation would enable a 
ous connection of photoelectric magnitudes of the s' 

of the northern and southern hemispheres. ‘ 


(b) Attention is also called to the fact that the e 
torial location and excellent meteorological conditi 
render this a suitable site for fundamental astrometr 
observations. The equipment needed for such o 
vations is available, but the staff will need strengthen 
in order that an intensive program may be underta 
The Conference recommends that efforts be ce t 
solve the staff problem. : 


11. In view of the increased interest in astronomy 
Conference recommends that the Montevideo As‘ 
nomical Observatory be enabled to modernize its 
serving and computing equipment and hopes that 
Government of Uruguay will increase its support of 
Observatory in order to make the proposed cha 
possible. 


